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TO DOUBLE THE POWER OF ROXBURGH 


Four AEI waterwheel alternators at the New Zealand Electricity Department’s 
Roxburgh Power Station are already feeding 160,000 kW’ into the South Island 
grid. Four additional sets, to bring the station up to its designed capacity of 
320,000 kW, are now in course of construction. 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


HEAVY PLANT DIVISION RUGBY AND MANCHESTER, ENGLAND 




























REYROLLE 
SWITCHGEAR AT 


DOUNREAY 


The electro-magnetic liquid-metal pumps and other services 
for the Dounreay Fast Reactor heat-exchanger system are 
controlled through Reyrolle 415-volt 31°5-MVA air-break 


circuit-breakers of the type illustrated. 


17-panel switchboard comprising 
Reyrolle type-S22A air-break 
circuit-breakers with associated 


control cubicles. 


In addition, all five sub-stations of the main 11-kV distri- 
bution ring-main are equipped with Reyrolle metalclad 


switchboards with 350-MVA horizontal draw-out oil-break 


Reyrolie 


A. Reyrolle & Co. Ltd - Hebburn - County Durham - England 


circuit-breakers. 
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Equipment for Hydro-Electric 


Power Stations 





Comptes barrage installations; gates and hoisting 





equipment, gantry- and overhead travelling cranes. 
trash screen cleaning machinery; sluice gates; control 
valves for high pressure conduits; automatic safety or- 

gans for pipe lines; discharge regulating valves, rotary 
D FE R O L L valves with rotary-piston servomotors, needle valves, 


butterfly valves, high pressure fittings, piping systems 


Louis de Roll, Ironworks Ltd. for oil and cooling water plant; fumcular and aerial 
Works at Gerlafingen, Klus, Choindez, cableways for passenger and goods transport; building 
Rondez, Olten, Berne (Switzerland) machinery for dam-building work. 
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serve 
the 
power 
supplies 
of 





YORKSHIRE ELECTRIC TRANSFORMER CO. LTD. 


THORNHILL, DEWSBURY, YORKS., ENGLAND 
Tel: Dewsbury 1691-2 Grams: Transforma, Dewsbury 








K A R | B A-a stage completed 


Another stage begun 








The runner for the second 140,000 H.P. 
turbine is now being installed, marking 
another big step forward in construction. 
The illustration shows this runner being 
unloaded in tne underground power 
station. No. 1 Unit, the first of six that are 


being installed, has been completed and 
is now running. 
* 


& COMPANY LIMITED 





VILLIERS HOUSE + 41-47 STRAND + LONDON WC2 


P.4086 
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TRADITIONAL SWISS 
ENGINEERING SKILL AND QUALITY 


Bell Engineering Works Ltd. 
Kriens/Lucerne (Switzerland) 


64'000 HP Pelton Turbine Godschenen 


A century of experience in design and 

construction of waterpower- 

equipment and constant research 

in two hydraulic laboratories, 

one of them especially equipped for cavitation tests, 
assure the reliablity and 

efficiency for which Bell turbines 

are renowned 


Bell builds: 

Water Turbines, Spherical straight flow valves, 
Butterfly valves, Penstocks and supply pipings, 
Pressure tunnel liners, 

Partially or fully automatic and remote controlled plants, 
Power house cranes, 

Towers for transmission lines, 

Water control equipment 


Some projects with Bell Equipment: 

Fraricis Turbines - Guyabo (El Salvador) head 56 m, 
24’800 HP - Barenburg (Switzerland) head 340 m, 85’000 HP 
(Supply together with Charmilles) 

Pelton Turbines - Gdschenen (Switzerland) head 698 m, 
64'000 HP - Sedrun (Switzerland) head 588 m, 70’000 HP 
Kaplan Turbines - Wildegg Brugg (Switzerland) head 15,3 m 
34'000 HP - Petajaskoski (Finniand) head 19 m, 67’600 HP 
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\IR-BLAST 
QV cinctrr-BREAKERS 


The 600-mile transmission line from Harspranget to Hallsberg in Sweden—the first in 
the world for a service voltage of 400 kV—was inaugurated commercially on the 6th 
April, 1952, and has been in uninterrupted use ever since. 

The 8 high-voltage circuit-breakers for the first stage of this power transmission scheme 
were all ordered from ASEA. Comprehensive field tests at the Harspranget power station 
proved that the ASEA circuit-breaker designs fulfilled, in every respect and with a 
wide margin, all the requirements for a completely satisfactory circuit-breaker at this 
extra-high voltage. 

Against the background of these tests and after several years of experience with various 
types of circuit-breaker, the Swedish State Power Board have since ordered not less 
than 42 ASEA circuit-breakers, out of a total of 56 required for the further extension 
of the 400 kV network. 

If you are thinking of installing high-voltage circuit-breakers, talk the matter over with 
us. It will pay you to make use of our experience. 


Vasteras 
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ASEA air-blast circuit-breakers for 
420 kV, 1,600 A, 15,000 MVA 
at a Swedish power station 









@ ASEA Circust-breokers 
in service 













Map showing the*extent of 
the Swedish 400 kV network 
in November 1959 
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GH VOLTAGE, LOW VOLTAGE 
RADIO FREQUENCY INSULATORS 


STEATITE AND PORCELAIN PRODUCTS LTD 


STOURPORT-ON-SEVERN, WORCS. TEL: STOURPORT 2271 


GRAMS: STEATAIN, STOURPORT 
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WEIL 


SINGLE PHASE 
TRANSFORMER for three 
phase bank 150/150/50 MV A 
—220/120/10-5 kV—SO0O cycles 
4 units for NIKOLA TESLA 


substation, Yugoslavia, 





with under-load tap-changer 











Rotor for 25 MVA horizontal type Alternator coupled to Pelton 
Wheel gauging the coupling bolt holes 


2 units manufactured for OESTERREICHISCHE 
DRAUKRAFTWERKE, Kolbnitz Reisseck power station 
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ERCOLE MARELLI & C - spa. - MILANO 
























































































































































MITSUBISHI 


means 


QUALITY plus INTEGRITY 


ates 
Lamqyyyies 


Mitsubishi Electric has again dem- 
onstrated its superiority in production 
capacity and technical skill by com- 
pleting 3 SETS of 105,000 kVA 
umbrella type water-wheel generators 
—the largest of this type ever produced 
in Japan. 


MITSUBISHI ELECTRIC MANUFACTURING COMPANY 


Head Office: Tokyo Building, Marunouchi, Tokyo Cable Address: MELCO TOKYO 


WATER POWER April 1960 








For hydro-electric plants fine regulation of the water level 
is important. This is best achieved by discharging the up- 
stream water over the gate. Particularly suited for that 
purpose is the M.A.N. Flap Gate. A remarkable plant 
is the power station, shown in the picture, in the River Inn 
at Neudtting, with 5 gates of 18 m clear width and 8.5 m 


fa) Y D ee A U L| a height each, height of flap 2.2 m. 
STRUCTURES 


) MASCHINENFABRIK AUGSBURG-NURNBERG AG - GUSTAVSBURG WORKS 
GUSTAVSBURG/HESSEN (GERMANY) REPRESENTATIVES IN ALL COUNTRIES 





















JOY’S INGENIOUS DUAL VALVE 
—GIVES YOU AIR TO SPARE 
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My LLL 


Exclusive to the Joy-Sullivan range of 

Speedline rock drills and concrete breakers { y} 
is the Joy Dual Valve — responsible for { i 
the miserly air consumption and the great j I 
striking power which distinguish the H i] 
Speedline from any other drill. } | 
The Dual Valve admits exactly the TTL p 


right amount of air to each end of the piston 


My 
aes 


Other important 
features of the 
Speedline rock drills 
are fully described 
to drive it back and forth at exactly the right TD eee 
time — preventing live air from softening the 
blow by shutting off the supply at the end of each 
stroke. At over 2,000 blows per minute 


this adds up to a lot of air saved. 


JOY 
SPEEDLINE 
ROCK DRILLS 


Joy Speedline rock drills are available in the 





35lb.—Solb. class, either handheld or with air-leg 
feed mounting. All are fitted with the exclusive 


Joy Dual Valve to get more work from less air. 
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l DIVISION _ 
7, HARLEY STREET, LONDON, W.1. TELEPHONE: LANGHAM 7711 


RD/2 
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MUN, 
Latina— 


7 site of 
yet another 
nuclear power 
station... 

and again 
M&I Electrical 
Insulating 


Materials* 





are being used 


in the mai n View of Latina Nuclear Power Station site taken from 
the Goliath crane and showing the plinths 
used for the fabrication of the 
reactor pressure vessel, the excavation for the reactor 


Tu rbo-Altern ato rs and the site offices. 


Photograph by courtesy of The Nuclear Power Plant Co., Ltd. 


3 M &1 are supplying Micanite V-rings : 
ane SIRE en : wy the electrical insulation people 
C. A. Parsons & Co., Ltd., who are 
building the three eS 
70 MW turbo-alternators THE MICANITE & INSULATORS CO.,LTD., 
for the Latina Nuclear Power Station. e EMPIRE WORKS, BLACKHORSE LANE. 
| WALTHAMSTOW, LONDON, E.17. <@ic> 
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oshiba 


Contributing 
to better living for you! 






















The giant 133,000 kVA water wheel generator pictured 





above is one of several produced by Toshiba for Japan’s 
new Okutadami Power Project. It is of the umbrella 
type with vertical Francis turbine and is the biggest of 
its kind in the Orient and the second largest in the 
entire world. This is merely one of Toshiba’s achieve- 
ments in the field of hydroelectric equipment and is only 
one of the ways in which Toshiba is contributing to 


better living for you! 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Japan Cable Address: TOSHIBA TOKYO 
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A long tunneller and a strong tunneller, 
the badger builds himself an intricate web 
of passages and dens in which to evade 
pursuit or retire from the noisy world outside. 
It’s a paradox of progress that man too—in getting 
even further away from nature—is going more and more 
underground. Tunnels for hydro-electric schemes, 
underground power houses—these and many other 
engineering feats are the work of man the tunneller— 


a skill which we have developed into a fine art. * * n 
Many of these badger ‘sets’ have been 


* * In driving 40 miles of tunnels for the North of enlarged and improved through successive 
generations and may extend for hundreds 


Scotland Hydro-Electric Board, Mitchell Construction of feet into a hillside 
captured and hold the World high speed rock-tunnelling 
record and constructed the first major underground 


power station in Britain. 








RG 


MITCHELL CONSTRUCTION 


Building and Civil Engineering Contractors 


THE MITCHELL CONSTRUCTION COMPANY LIMITED 
WHARF WORKS - PETERBOROUGH 
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Question to Power Line Builders: 


s this your p1 


It could be. The problem of vibrating conductors is still the subject of 
world-wide investigation. It is a difficult problem because of the many 


factors involved—climate and the local topography have to be considered, NEW TECHNICAL INFORMATION. A special 


as well as the manner of construction of the power line. 

As transmission voltages are raised, too, the problem increases. The large- 
diameter conductors which are required are more prone to vibrate, since they 
expose a greater surface to the wind. Having greater tensile strength, they can 
also be strung more tightly—and higher tension means increased vibration. 

The worst vibrations may be caused by very light winds, and in countries 
where icing is no problem, the regulations may permit undesirably high 
tensions. Dampers, armour rods, and proper design of the suspension clamps 
may reduce or eliminate conductor damage resulting from vibration—but 
in striking a balance between economy and safety, the question is how to 
determine the most suitable tensioning. 


survey of the vibration problem has been prepared 
for us by a leading expert—an engineer of the 
Swedish State Power Board who is also chairman 
of the international committee which is presently 
studying the matter. Besides incorporating the 
latest findings, the survey gives recommendations 
as to suitable practice. Copies of this publication, 
as well as advice on specific problems, supplied 
by Swedish experts, can be obtained through 
Svenska Metallverken, Feral Cable Division. 


In Sweden vibration problems have been given especial attention, and Vibration Damper of the type generally used in Sweden. 


Svenska Metallverken is now making available the collective know-how 
which has been acquired on this subject. But whatever your problem, it will 
pay to consider the advanced technical service which goes with purchases of 
Feral Cable—reliable Swedish ACSR. 


When planning power lines, consult 


Developed by the State 
Power Board, it acts 
through loose weights. It 
is practically unbreakable, 
relatively cheap, and has 
no natural frequency 
which might aggravate 


conductor vibrations. 


SVENSHA METALLVERHEN 


Manufacturers of Feral Cable 


FERAL CABLE DIVISION ey VASTERAS - SWEDEN 
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UNIFORMITY 
STRENGTH 
DURABILITY 





Oriental porceloin has a history of 
several thousand years. Strong porce- 
iain is nothing new to NGK who has 
long ago perfected its outstanding 
developments in the field of high 
voltage insulators through a background 
of over 40 years. 


Suitably designed hardwares and experi- 
enced assembling techniques ‘combine to 
constitute an integral basis on which 
NGK embodys its unsurpassed features 
of uniformity and durability. 


You get so much more out of NGK 
Insulators. 


MIZUHO NAGOYA JAPAN 


Cable: INSULATOR Nagoya. TELEX» NGK-NG9928 


Represented in all mojor territories. 
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Electricite de France 


2 Francis Turbines 114,300 HP each, under a head of 
124,5 metres, speed 214 t/min., during erection in 
the power station of 








Vevey Engineering Works ltd in collaboration with our French licensee: 


Cie des Ateliers et Forges de la Loire, St-Chamond (Loire) 
Vevey (Switzerland) 
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mass producing ? 


Better see us about the castings. You'll want a continuous 
supply of exact, flawless castings and we have the technical 
teamwork to give it to you. See us soon, let our design 
engineers in on the ground floor. That way—without 
departing from your essential specification—you can be sure 
that the final casting is completely free from 
hidden structural fault. And when production 
begins, leave it to our metallurgists and 
foundry engineers to ensure that the 
soundness and accuracy of every 
casting is faithfully maintained. 


CASTINGS FROM A FEW 
OUNCES TO TEN TONS 


in phosphor-bronze, gun-metal, aluminium- 
bronze, manganese bronze, and light alloys. 
Specialists in high-tensile aluminium-bronze 
castings, centrifugal-cast wheel blanks, shell 
moulded castings, and chill-cast rods and 
tubes. Continuous cast phosphor-bronze bars 
up to 12 foot lengths. 


NON-FERROUS CASTINGS 
HIGH DUTY IRON CASTINGS - PRECISION MACHINED BUSHES & BEARINGS 


T. M. BIRKETT, BILLINGTON & NEWTON LTD 
HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 


Head Office: HANLEY, Phone: Stoke-on-Trent 22184/5/6/7. LONGPORT, Phone: -Newcastlo. Staffs 51433/4., 
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KULJIAN ...SPECIALISTS IN POWER 


4,000,000 KILOWATTS ... . that’s the total generating 
capacity represented by the more than 100 Kuljian power projects 
now in operation throughout the world. Kuljian engineers are spe- 
cialists in power—qualified by experience to design, engineer and 
supervise construction of hydroelectric, steam, internal combus- 
tion and nuclear power plants and associated facilities. 


Behind every Kuljian project lie the combined skills and experience 
of a complete staff of internationally recognized experts in every 
phase of water resource development. No matter what your next 
power project might be, The Kuljian Corporation is fully prepared 
to undertake efficiently all phases of design, engineering, and con- 
struction supervision to help bring about the quick, economical 
solution to your specific problem. 


She huljian Coypovaliim 


engineers * constructors 


1200 NORTH BROAD STREET « PHILADELPHIA 21, PA.. U.S.A. 


DESIGN + ENGINEERING PROCUREMENT «+ CONSTRUCTION « REPORTS 
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Surveys 

Investigations 

Reports 

Reservoirs and Dams 
Hydroelectric Power Stations 


Transmission and 
Distribution Sub Stations 


Pumping and Filtration 
Plants 


Tunnels and Aqueducts 
Irrigation and Flood Control 


Other Reclamation Activities 





HYDROELECTRIC 


DIVISION 1006 
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All types of 


mechanical handling plant 
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hydro-electric intake works... 


ee Oe en ee) 
BRISTOL 2 ENGLAND 


TELEPHONE BRISTOL 7833! 
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BRECO 


ROPEWAYS CABLEWAYS 


British Ropeway Engineering Co. Ltd. 
Plantation House 

Mincing Lane, London, E.C.3. 

Telephone: MINcing Lane 7901. 

Telegraphic Address: Boxhauling, Fen, London 
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SKYWAY AS A HIGHWAY 


worth every penny of investment. 


Ropeway or Cableway . .. Breco 
engineers can devise a way above and 


help the economy of any project. 


Glover Group 


the Big name behind the Big ropeways 








combined with the resources of 
DRAG SCRAPER & CONVEYOR CO. LTD. 
% Belt Conveyors, Elevators, Skip Hoists, Crushing and 
Screening Plants, Bunkers, Ship Loading Plants, Cableway 


Excavators, Drag Scrapers, Transporters. 











WATER POWER April 1960 














Consult SINCE 1930 VOITH have done much pioneering work in this special 


VOITH-HEIDENHEIM field which has played an important role in the evolution of the 


present-day hydraulic equipment for pumped-storage schemes. In 


when you need particular, during the last ten years VOITH have supplied hydrau- 
lic turbines, storage pumps, starting turbines, torque converters, 
hydraulic shut-off vaives, speed governors and automatic control equipment 
for many outstanding pumped-storage schemes—Waldshut, Ran- 
equipment for nawerk, Bratingfoss, Ottenstein, Reisach, Liinersee, Geesthacht, 
Happurg, Tanzmihle, Leitzachwerk. In this connection it may 


PUMPED STORAGE be mentioned that the third pumped-storage set for the Reisach 


Pumped-Storage Plant and two 103,000-hp storage pumps for the 
SCHEMES Vianden (Luxemburg) scheme are at present under construction. 








Happurg Pumped-Storage Plant. Voith hydraulic equipment was chosen for the entire 
project; turbines, pumps, shut-off valves, and the autornatic control equipment. 


Literature on pumped-storage equipment will be sent to you upon 
request. 


VOITH are also experienced in the design and manufacture of 
reversible turbines for pumped-storage schemes. 


© J.M. VOITH GMBH - HEIDENHEIM (BRENZ) - GERMANY 
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ALDEADAVILA - Spain 


6 vertical-shaft Francis turbines 
Output 125000 kW Head 
Speed 187.5 rpm 


GRENOBLE Avenue de Beauvert 


Téléphone + 44 55 30 Téléphone PAS 51 


Hydraulic and mechanical equipment for power stations and dams 
« Neyrfor » drilling equipment. Hydrodynamic transmissions. High-output 
fans (Stork licence). Hydraulic conveying and grading plant. Mecha 


RPIC 


2-10 Rue Bellin: 


SPECIALISTS 


PARIS XVI 


IN 


09 


nically synchronised hydraulic bending presses. Equipment 
for irrigation and water supply systems. Wind-driven 
machinery Hydraulic measuring equipment. Equipment for 
hydraulics laboratories. Special equipment for nuclear § 
engineering Assembling, welding and machining of large 
and complicated components. 


LIGHT AND HEAVY ENGINEERING 
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. .. to control water level at Long 


Sault Dam, St. Lawrence Power Project 


MURCO GATE HOISTS 


For the second largest hydroelectric power plant in the United States at Massena, 
New York -- as part of the St. Lawrence power project -- Uhi, Hall & Rich, 
project engineers, selected MURCO Gate Hoists to control the water level at 
Long Sault Dam. 


MURCO Gate Hoists are designed from knowledge and experience . . . backed 
by over 75 years in design and manufacture . . . with hundreds of successful 
installations made for leading engineers, power companies, industrial plants, 
government power projects . . . each MURCO Gate Hoist designed to do _ its 
job, incorporated into its design the factors that meet the requirements of the 


operators. 


MURCO Gate Hoists are designed and made for any size power dam. . 
capacities from less thun 1 ton to over 100 tons . . . from the smallest hand 
operated to the largest motor operated gate hoist, all made to specifications. 


Manufacturers Since 1883 
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Courtesy of Union Carbide Plastics Company 
Division of Union Carbide Corporation. 


Illustrated is one of the eighteen 
MURCO Gate Hoists on the Long 
Sault Dam shown above. Each 
hoist weighs 93,000 Ibs. and 
when shipped to the project was 
completely equipped with all 
electric motors, controls, limit 
switches, wired ready for opera- 
tion when installed. 


Each MURCO Gate Hoist, as il- 
lustrated, has 175 tons lifting 
capacity . . . will raise and lower 
the gates in the dam at a speed 
of 1 foot per minute. 


The overall length of each unit 
is 57 feet . . . 8% feet wide and 
12% feet high. 


Write for complete information 

Engineering Department 
recommendations . . . when you 
are planning power dam pro- 
jects. 





WAUSAU, WISCONSIN, U.S.A. 


D. J. MURRAY MANUFACTURING CO. 
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Fabricated 
: + Platework 


















PIPEWORK 

he can supply low pressure Steam, Gas and 
ater Mains and high pressure welded un- 

lined Water Piping. We also specialise in 

bends of large diameter pipes and branch 

pipes of complicated design. 


to 





specitication 


DUCTS 


Ducts of rectangular design for power sta- 
tions or boiler houses, of electrically-welded 
construction in Mild or Special Steels or 
Aluminium Alloy, can also be supplied. They 
are accurately fabricated to suit your exact 
requirements. 


@ Our Fabrication Service is fully described in our 
Brochure ‘“‘FABRICATED PLATEWORK”. Write 
for your copy NOW! 


W. G. ALLEN & SONS (TIPTON) LTD 


P.O.Box4 - Tipton ~- Staffs 
Tel: TIPTON 1266 
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The completion of yet another big Hitachi job was recently 
marked by the successful factory tests of a 137,500 kW 
Francis Turbine. This is the first of a pair to be built, 
together with two 125,000 kVA generators for the Miboro 
Power Station in Central Japan. 


This vertical-shaft Francis Turbine is specified for a speed 
of 225 r.p.m., a maximum effective head of 200 m. and 
76.6 m*/sec. water flow, making it one of the largest units 
of its kind in the world. Its runner has a maximum diameter 
of 3.7 m. and the main shaft a diameter of 95cm. The spiral 
casing, which was constructed in 13 sections to facilitate 
transportation to the site, has an inlet diameter of 3.35 m. 
and an outer diameter of 11.2 m. 


Tomyo Japan 


Cable Address: “HITACHY” TOKYO 


“~ 





ESULALIUNE 
ANUFLET, 
PREC MUM 


. 


SAKAI IRON WORKS c0., LTD. 


HEAD OFFICE: WNiSHI, 6-CHOME, TSUMORI-CHO, NISHINARI-KU, OSAKA, JAPAN CABLE ADDRESS: “SAKATETSU OSAKA” 
TOKYO OFFICE: NiIHONBASHI-GOFUKUBASHI, CHUO-KU, TOKYO, JAPAN CABLE ADDRESS: “’SAKATETSU TOKYO” 
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. 
New d 
es Len At Jarkvissle power station, belonging to the 
Swedish State Power Board, two KMW Kaplan 


OF GOVERNORS turbines, each having a nominal rating of 59,500 hp 


at 13.6 m (45 ft.} head and 75 r.p.m., are now in 


service. 





The station is equipped with electrical governors. 
The actuator, the control valves for gate and runner 
servomotors, and the combinator gear are grouped 


in a closed cabinet, placed near the turbine pit. 


Oil is brought to the runner servomotor through a 
pressure oil box on the turbine shaft. The servo- 
motor restoring gear is electro-hydraulic and 


arranged in the generator. 


AB KARLSTADS MEKANISKA WERKSTAD 


KARLSTAD SWEDEN 
Representatives in Canada: A. Johnson & Co. (Canada) Ltd. 
607 Shell Tower Building, Montreal 2 





i 
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SOLUMBI. BD, EZ ELA, ECUADOR, PERU, BRAZIL, THE r 
A, AUSTRIA, CZECHOSLOVAKIA, LUXEMBURG, HOLLAN. 
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+GF+ Quality 
Steel 
Castings 


have been chosen for the 
most famous 
pump storage schemes: 


















Ffestiniog Pump casings, 
impellers, 
Francis runners 
Liinersee Pump casings, 
impellers, wheels for 
hydraulic torque 
convertors, 
Pelton runners 
Gougra Motec Pump casing, Pelton 
runners, rotary valves 


George Fischer Limited 
Schaffhausen, Switzerland 


Telephone : (053) 56031 /5 7031 
Telegrams: Geofischer 


Sg 716/4 
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pweoiss STATE POWER BOARD 
| 2 + HOLM - 


LANGBJORN_ HYDROELECTRIC PROJEC 
. rt 5 





O 65,000 Hp 
APLAN TURBINES 














a 


: fICHE RIVA 


VIA STENDHAL 31 MILANO ITALY 


BUILDING 
FOR 


POWER 


Huwood Conveyors are in wide 
use, not only in Britain but 
throughout the world—one of their 
most important applications being 
in the work of dam building for 
hydro-electric schemes. 

They have been chosen because 
they offer the highest degree of 
adaptability to varying sites, the 
utmost reliability, and the mini- 
mum of routine maintenance. 


HUGH woaooonbD & co. Leto. 


GATESHEAD ON USE, FINSBUR® SQUARE 
, a ae . tae 7 
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For many years ESC has been the 
leading supplier of steel forgings 
to many vital industries. 

Forgings in weights up to 175 
tons are manufactured in our 
high quality carbon and alloy 
steels—single piece engineering 
units produced from ingots 


weighing up to 300 tons—and 


other forgings from ingots 


30 cwt. and upwards—for all 


branches of engineering. 


ENGLISH STEEL FORGE AND ENGINEERING CORPORATION LTD. 


River Don Works, Sheffield A wholly owned subsidiary of English Steel Corporation Ltd. 


Illustrations show a forging 
operation under a 7,000 ton 
electro-hydraulic press, rough 
machined and black forged steel 
Turbine shafts, 22’ 11” long, 
3 8” diameter with 6 2” and 
6° 4” diameter couplings— 
Weight as forged 111+ tons, 
rough machined 70 tons—for a 
modern hydro-electric power 
project. 
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2 Leffel Turbines for Helena Valley 
EN 
aS SK =z < WS 


N 


pee Sent 
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Two Leffel turbines drive the pumps in the United States Bureau 
of Reclamation’s Helena Valley Pumping Station just down- 
stream from Canyon Ferry Dam on the Missouri River. The 
station supplies irrigation water for 17,631 acres in the Helena 
Valley and supplemental water supply for the city of Helena, 
Montana. 

The two vertical shaft turbines are each rated at 3200 HP under 
a 90 foot net head at a speed of 325 RPM. 

Leffel’s role in the Helena Valley Unit, Missouri River Basin 
Project, is typical of the part played by Leffel turbines all over 
the world. And nearly a century of experience with the more 
efficient, more economical development of power from water 
stand behind every Leffel turbine. Put that experience to work 
for you on your next hydraulic power project. Complete details 
on Leffel engineering and manufacturing facilities can be yours 
for the asking. Just fill out and mail the coupon below. 


” 
2 


> 
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e 


FREE LITERATURE 1109-2 


THE JAMES LEFFEL & COMPANY 
DEPT. W SPRINGFIELD, OHIO. U.S.A. 


C] Please send me more information on Leffel hydraulic turbines. 


] Please have your representative call. 
Nome___ ‘ ee 


ae 


MORE EFFICIENT HYDRAULIC 
POWER FOR 98 YEARS aa 


= 
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GLENFIELD VALVES 


for Turbine Intakes 


SLUICE VALVES 


Sluice Valves have for long been a Glenfield speciality, and 
numerous units, in 2 great variety of forms, have been supplied 
for hydro-electric works for service at Turbine Intakes. 

The site illustration shows part of one of three 30 in. dia. 
hydraulically operated valves for a head of 330 ft. at the inlets 
to the turbines in the power house of a scheme in Tanganyika. 
Alongside, is seen a 42 in. dia. electrically actuated unit, com- 


plete with slip joint, for a head of 855 ft. for a project in Wales. 





Head Office and Works: 
KILMARNOCK ~- SCOTLAND 


Valve Specialists and Hydraulic Engineers for over a century. 


OR A LL cc a 


WATER POWER April 1960 



















Extra-high-voltage 
Power transformers 


Three-phase ratings up to 600 MVA and 400 kV 







Brown Boveri transformers are impulse tested, 
efficient, noteworthy for their compactness, and 
have a long-established reputation for reliability in 
service. 







At present under construction : 
two 400-MVA banks, 420 kV, for the Kraftwerke Hinterrhein 
A.-G., Thusis, Switzerland, and 

one 420-MVA bank, 380 kV, for an installation in Finland 
























Our list cf products includes : 


Steam and gas-turbine power stations 
e Machinery and apparatus for nuclear 
power stations « Equipment for hydro- 
electric and diesel stations 


Regulating and protective gear + 
Generators 


Transformers, airblast circuit-breakers, 
instrument transformers for 400 kV 


Electric motors « Electric furnaces « 
Electric welding equipment e« Trans- 
mitting and rectifier tubes 


Electrical equipment for locomotives, 
trams and trolieybuses « Marine drives 


85514 Vi 


Single-phase transformer belonging to a 150-MVA 
bank for a Swedish 380-kV installation. 


BROWN BOVERI 


BROWN, BOVERI & CO. LTD., Baden - Switzerland 







Representatives in most countries 





Ste Raa STR 
One phase and 

Three phase 

Power Transformers 


up to the highest 
outputs and voltages 


Power station transformers 

Tap changing transformers 

Tap changing auto transformers 
Transformers for rectifiers, 
locomotives, laboratories, etc. 


AG 


Cabra 
SE ee 
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HYDRAULIC STEEL STRUCTURES 


WAAGNER- BIRO A. G. 


wren ORAL 








View of the Nile Power Station downstream-side, recently put into commission on the old Aswan Dam 


For this power station Waagner-Bird have supplied 
the complete hydraulic steel structures, servomotors 


and the two cranes 


Design and Construction: 


WAAGNER-BIRO 


AKTIENGESELLSE CHAE 
VIENNA GRAZ 


Head Office... VIENNA V., MARGARETENSTRASSE 70, AUSTRIA 
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Leading 
supplier of 


water turbines 





Last year another lasting contribution to 
technical progress and prosperity was madc 
by NOHAB quality products. The Stor- 
norrfors Power Station, and with it the 
large Francis turbine above (three NOHAB 
turbines are installed there) was inaugurated 
on September 13, 1959. 


Below is a table of recent important orders 


for NOHAB turbines. 

































































Number and Head Output | 

Pow — : 2 - M > Speed 

‘ower Station type : etric H. P. sie Comments 
of turbine } fr. | m. per turbine — 

3 F 246-0 | 75-0 | 200.000 2 st powerful water turbines in the 
STORNORRFORS | 3 Francis 46 | 5 O 125 The most ful b th 
In service 1959 | world in service. 

tate —EEE —_—|—— — ———— 

SE] E | a j a e > aan an ° ° ° . 
— 2 Kaplan . = T = 87.200 150 This is the highest head for which a Kap- 
In service 1956 | | lan turbine has been installed in Sweden. 

ba cidelicadiadnaaeaiatemmetencnensinbann EEE | a [a = rey FD J 

IRS 0 j - . : > 
a j &oqge ote | 33-0 120.200 115 | These will be the most powerful Kaplan 
In service 1960 turbines in Sweden. 

eet a | —e = — a 
MAE “OE ; r = = : : 

— t Francs ; “we | 45-0 150 With regard to dimensions, the largest 
In service 1957 | turbine in Norway. 

PANCHET oa "a eer” ; 62 NE Se ee 
India adieees S Sagem act ” 125 India’s largest Kaplan turbine in output 
In service 1959 as well as dimensions. 

RINCON DE BAYGO 5 Zz : wie $e 
ae [ BAYGORRIA 3 Kaplan 48-2 14 , Wirth regard to dimensions, South Ame- 
In service 1959 rica’s largest turbines. 

—SS ———E — | ———— — — | — — — - — —EEE 
FURNAS ae roe a - : 
Brazil © Rone — fF a | 230.000 150 | One of the most powerful water turbines 
In service 1962 | in the world. 











Ample supply of energy in convenient 
forms is a fundamental condition for our 
standards of living. NOHAB turbines help 
to produce electric power in water power 
plants all over the world. 





NYDQVIST & HOLM AKTIEBOLAG, TROLLHATTAN, SWEDEN 
Cables: NOHAB Phone: 18000 Telex: 5284 
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” | £0, PERFORMANCE CURVES 
Re adjustable-biade pump 
4 ae 20-56 ft. TH, 875 RPM 
en LW! be y. 
“TSH | . 8% 
< | + at Performance curves of 
OF | \ the A-C adjustable- 
-- “a of | blade axial flow pumps 
- ra | a : for Willow Glen 
° e e a 75% illustrate their extreme 
Zz w 7 : flexibility. Pump 
oO 3 oo rh 70% operation is not 
s 2 ” —— ° | restricted to a single 
= Zz ~~ é » AAS head-discharge curve as 
< = ve “SS or |S s, ho: is the case with fixed- 
So 2 2 ‘ ; blade pumps, but 
a NN a ef provides any discharge 
4 6 > 40% and head combination 
a Sis within the limits of 
a gy motor horsepower and 
Bae Bi c ° E* proper submergence. 
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Flexibility and efficiency make Allis-Chalmers 
adjustable-blade pumps choice for Willow Glen 


Two 30-inch Allis-Chalmers adjustable-blade axial 
flow pumps will be installed to provide condenser 
water for Unit #1 at the new Willow Glen Power 
Station. To meet requirements at minimum river 
level, with water temperatures that vary between 
39°F and 90°F, the pumps are designed to deliver 
a total of 76,000 gpm against a 54-foot total head. 


Extreme variation of suction pool elevation and 
the flexible condenser operation required for this 
station made adjustable-blade pumps the logical 
and economical choice. A-C adjustable-blade pumps 
attain relatively high efficiencies over a wide dis- 
charge and head range. This is accomplished by 
varying the pitch of the impeller blades while the 


RESEARCH DESIGN 


HYDRODYNAMICS 


pump is operating at constant speed. This adjust- 
ability keeps pumping 
costs at a minimum by 
combining low starting 
torque with high average 
efficiency. 


Pump Bulletin 165 will 
give you complete infor- 
mation on high capacity 
axial flow pumps. To get 
your copy, write to Allis- 
Chalmers Manufacturing 
Co., Hydraulic Division, 
York, Penna. 





Hydraulic Turbines & Accessories *« Pumps « Liquid Heaters 














Rotovalves 


ENGINEERING FABRICATION 


Ball Valves « Butterfly Valves « Free-Discharge Valves 


& ALLIS-CHALMERS 
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SIEMENS 


10 million kVA 


is the output of the waterwheel 
generators which the 
Siemens-Schuckertwerke have 
supplied or are manufacturing for 
installations in Germany and 

abroad. These include units with 
ratings up to 175.000 kVA. 

We undertake the planning and 
design, consulting service and con- 
struction supervision of complete 
hydroelectric power plants and supply 
the entire electrical equipment from 
our own production. 





The curve shows the steep rise 





in the number of orders placed with us 
for waterwheel generators 
in the last 60 years 


il pm 
nh 


SIEMENS-SCHUCKERTWERKE AKTIENGESELLSCHAFT 


BERLIN» ERLANGEN 
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‘Penstocks for 





Hydro-Electric Power Stations 


Study, planning, design and erection 


of complete: 


open-laid and trench-laid pipe lines 
pipe lines in tunnels 


lined pressure shafts, 
surge tanks, etc. 





pipe lines for irrigation and 
drinking-water supplies 


distribution ‘piping 





Branch pipe with Sulzer stiffening collar 








Sulzer Rpothers Limited, Twin pipe line in Switzerland’ 
Winterthur, Switzerland service pressure of 1,600 |b. s9 
in the course of erection 


Sulzer Bros. (London) Ltd., 
31, Bedford Square, London, W.C.1 
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all aspects of hydro-electric development 





The Computer - The Designer’s New Tool 


OMPUTER technology is scarcely more than 
eo years old, but the computer has already been 

set to tackle almost every type of calculation. 
Its potential usefulness in hydro work is hardly 
tapped, yet its rising importance can be assessed by 
the increasing measure in which it is used. The first 
working computer, if it can so be called, was an 
electro-mechanical one and was put into service in 
Harvard in 1944. In 1949, the EDSAC I was com- 
missioned in Cambridge and was followed a year later 
by the ACE at the National Physical Laboratory. 
Since then many electronic computers have been 
commercially produced, which have given immense 
satisfaction. 

It is not so long ago that electronic computers were 
looked upon as complicated and temperamental 
pieces of equipment which could only be operated by 
a team of experts. Furthermore, there was their size 
to consider, and, most important to engineering firms, 
their prohibitive cost, ranging to well over a hundred 
thousand pounds. But as the experience gained, in 
both manufacture and design, was consistently en- 
couraging, it became possible to build smaller 
machines and at the same time to bring down the cost. 
At present there are electronic computers on the mar- 
ket in the £20,000 range. In many industries, on a 
short-term view, a computer can be considered as 
increasing engineering costs, but in the long run it 
can reduce the overall costs by producing better engi- 
neered products after having explored nearly all the 
possibilities. Reliability has also been obtained by 
the introduction of solid-state devices such as the 
transistor, with printed-circuit connections and a 
matrix of magnetic cores to form the basic logical 
elements in the machine. Operation has thus become 
simplified to the point of routine. 

From the fact that the computer is only a tool, it 
became clear that a programme was essential to ob- 
tain the maximum utilisation of the machine. Hence 
the programmer came into existence, whose work was 
to plan the calculating schedule. The problems gener- 
ally set can be classified as either single or repetitive 
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ones. In the first, which include the majority of re- 
search problems, the results obtained give the com- 
plete picture, such as the solution of differential equa- 
tions or floor-slab analysis. The second are more 
often encountered in engineering, where the boundary 
conditions are usually varied to find the optimum 
results—and in these conditions the computer really 
shows its worth. 

In a recent paper, “The Place of Digital Compu- 
ters in Civil Engineering,” presented to the Institution 
of Civil Engineers, the author, Dr. R. K. Livesley, 
M.A., outlined the extent to which the computer was 
used on the analyses of square floor slabs, frames and 
trusses, and its application to highway engineering. 
In the interesting discussion that followed, various 
speakers explained how more light was shed on other 
applications of the computer in their particular fields. 
For example, when the cost was made a parameter 
the computer gave the series of cost values when 
the boundary conditions were varied. Computers are 
now widely used in dam design in the United States 
and are being increasingly referred to in Great Britain 
and in Europe. With the help of a computer, sections 
of an arch dam can be speedily analysed and appro- 
priately modified. For earth dams and embankments, 
the computer has again proved itself in slope-stability 
calculations and pore-pressure analysis. Continuity 
processes such as filtration and percolation have been 
successfully treated in incredibly short periods of time. 
The extremely complicated fiow calculations of the 
St. Lawrence Seaway were done on the Toronto com- 
puter in 1952. During the discussion, the program- 
mer’s view was also put forward. Some kind of co- 
ordination between the design engineer and the 
programmer was desirable so that the programmer, 
who is the more familiar with the short cuts and the 
discriminating powers of the machine, could provide 
the engineer with a full set of results with minimum 
time spent on programming. It was also pointed out 
that engineers should be familiar with the uses of 
computers by taking part-time courses on computers 
so that they might formulate the problem in the most 
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suitable way for machine solution. Such courses are 
already in operation in a London college. 

As computers become more commonly used, dupli- 
cation of certain programming operations is bound 
to occur. It is suggested at this stage that a library 
should be compiled to contain the available computer 
programmes. Other standard operations, such as the 
calculation of coefficients and optimum sections could 
be published and be made available to design offices. 

Computers are not thinking machines—only tools 
to do the job—and their best value can be obtained 
by the experienced operator, who can be easily 
trained. While other countries such as the United 
States, Sweden and Germany are well ahead in the 
uses of electronic computers, an effort should be made 
by the professional engineering bodies in Great 
Britain to encourage the use of such machines in 
industry. 


Power from the Tides 


Tue French Government has decided to recontinue 
with the construction of the hydro-electric scheme 
which will harness the energy from the tides in Brit- 
tany. It will be remembered that this scheme was 
stopped shortly after General de Gaulle came into 
power, in the summer of 1958, for reasons of finance. 
It will be situated on the estuary of the River Rance, 
near St. Malo, on the north coast of Brittany and is 
estimated to cost about £25 million, spread over seven 
years. It will involve the construction of a dam 2,329 
ft. long and 157 ft. wide and the height of the crest 
above the highest tide level will be 4-92 ft. The most 
interesting feature of the project concerns the type 
of generating unit to be employed, which will take 
the form of a submerged bulb type which has under- 
gone fairly prolonged trials in France. There will be 
38 of these units in all, each of 9,000 kW capacity 
and immersed at 18 ft. below the low-water level of 
the tide. The upper part of the dam will be hollow 
and will contain the control gear, switchgear and 
other ancillary equipment. The Citroen motor com- 
pany is already building a large factory in the neigh- 
bourhood. 


Cook Strait Cable Lifted 


ONE of the two lengths of submarine power cable 
now on the sea bed in Cook Strait, between the North 
and South Islands, New Zealand, has been lifted and 
shipped to Manchester for inspection by the manu- 
facturers (B.L.C.C.), who will report to the Govern- 
ment on the condition of the cables after their 
two-year trial. Each cable is half a mile long, and the 
heavier, 5 in. in diameter and weighing nearly 90 Ib. 
a yard, is probably the heaviest type of submarine 
cable ever made. 

The cables were laid about two years ago by the 
Matai, and to lift them special equipment was re- 
quired. This equipment has been made in England, 
and was fitted to the 823-ton coastal vessel Pateke 
when she called at Wellington. During the recovery 
operation the cables were coiled down in the hull 
of the vessel. At Wellington they are being wound on 
to drums, and in that form shipped to England. A pre- 
liminary inspection is being made by the New Zealand 
Electricity Department, and in England the cables will 
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be put through a series of tests and given a thorough 
examination. 

In our May 1957 issue we summarised the report 
made by British Insulated Callenders Cables Limited 
to the New Zealand Government, in which d.c. cables 
operating at 250 kV are recommended. The first stage 
would have a capacity of 600 MW and this would 
eventually be doubled. 


Bogota Power Loan 


‘THE World Bank has made a loan equivalent to 
$17°6 million to Empresa de Energia Electrica de 
Bogota, Colombia, for projects to increase the supply 
of power to Bogota and the surrounding area, The 
new installations will have a capacity of 117 MW, 
or nearly double the present capacity of the power 
system serving this area. 

The topographical conditions in the Bogota area 
are extremely favourable to the economic develop- 
ment of hydro-electric power. In the first 154 miles 
after leaving the plateau on which Bogota is situated, 
the Bogota River falls from an elevation of 8,300 ft. 
above sea level to about 2,400 ft. Empresa has par- 
tially used this nearby hydro-electric power poten- 
tial in three power stations. One of the projects now 
being undertaken with Bank assistance is the addi- 
tion of a fourth 18 MW unit in one of the existing 
plants. In addition, a dam (Tomine) will be built on 
a tributary of the Bogota, to create a reservoir to 
regulate the flow of water to existing power plants 
and to increase the water flow sufficiently to permit 
the construction, near an existing plant, of a new 
66 MW plant, to be known as Salto II. Empresa is 
also installing a new 33 MW thermal power plant 
near Bogota. This increase in Empresa’s generating 
capacity will necessitate extensive improvement and 
rehabilitation of the transmission and distribution 
facilities, which are also being undertaken. 

Consulting engineers for the hydro-electric work are 
the OLAP-Ingenieria of Bogoté. The turbines are by 
Escher Wyss (Germany), the generators and main 
transformers are by the A.E.G. (Germany), other 
electrical equipment by Oerlikon (Switzerland), the 
penstock by Sulzer (Switzerland) and the valves by 
Voith (Germany). 

The total cost of the projects is estimated at the 
equivalent of $30-4 million. The Bank’s loan will 
cover the foreign exchange requirements; local cur- 
rency requirements will be provided by Empresa 
from its own resources. 


Sweden’s Power Output in 1958-59 


SWEDEN’S total output of electric power in 1958- 
59 was 31,390 million kWh, nearly a 10% increase 
on the preceding twelvemonth. In the calendar year 
1958 the hydro-power output totalled 28,830 million 
kWh, whereas the production of thermal power—the 
smallest in five years—amounted to 1,215 million 
kWh. This contrasts sharply with the situation now 
and during the latter half of 1959, when deficient 
rainfalls have called for a major output of thermal 
power. The consumption of power rose by 3% in 
1958-59. The downward business trends during that 
period were reflected in the 3-4% rise in industrial 
consumption, which was less than half of the average 
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annual increase in the immediately preceding years. 
Harnessed water power showed a rise of 465 MW 
during the 1958-59 period to a total of 6,230 MW, 


the major new plants being Stornorrfors, Ramsele. 


Glava and Lima. The addition corresponds to a 
power output of 2,355 million kWh. 


Cruachan Tenders to be Called 


THE North of Scotland Hydro-Electric Board will 
shortly require tenders for the main plant for the 
Cruachan power station of their Loch Awe scheme 
in Argyll. The Cruachan section of this scheme is a 
pumped-storage development with 400 MW of com- 
bined pumping and generating plant. 


Contracts for Overseas Pump-Turbines 


CONTRACTS for initial pump-turbine units in 
Italy and Japan were announced by Allis-Chalmers 
recently. For the Italian unit, Allis-Chalmers is pro- 
viding a vertical, reversible Francis-type pump-turbine 
rated 70,000 h.p. at 850 ft. net head and working at 
375 r.p.m. It is rated to pump 600 cusecs at 860 ft. 
dynamic head. The maximum head for generating 
will be 900 ft. and for pumping, 940 ft. The unit will 
be installed at the Provvidenza generating plant near 
Rome in the latter part of 1960 by the Terni Co., an 
Italian manufacturing-utility complex, and is ex- 
pected to be in operation in 1961. The generator will 
be furnished by Ansaldo San Giorgo Co. 

The Japanese unit will also be a Francis-type 
pump-turbine, and as a turbine it will be rated at 
69,000 h.p. operating under a net head of 334 ft. at 
200 r.p.m. For pumping, it will have a rating of 1,600 
cusecs at 250 ft. dynamic head. Maximum pumping 
head will be 338-5 ft. Chubu Electric Power Com- 
pany, with its headquarters at Nagoya, Japan, will 
install the turbine as the No. 1 unit at their Hatanagi 
generating plant, which is scheduled to serve the 
Naygoya area, and the generator will be supplied by 
Fuji-Denki Company, Japan. Governors for both 
Japanese and Italian units will be supplied by Allis- 
Chalmers. 


Hydro-electric Progress in Canada 


THE annual review of current water-power de- 
velopment throughout Canada reveals that for the 
second consecutive year a maximum record was 
established in the amount of new hydro-electric gene- 
rating capacity brought into operation during a 
period of one year. A total of 2,508,800 h.p. of new 
capacity was added during 1959, exceeding the pre- 
vious record of 2,485,040 h.p. completed during 1958 
and surpassing, by far, the earlier record of 1,758,450 
h.p. of new capacity which was brought into service 
during 1954. Quebec’s total of 1,457,800 h.p. of new 
capacity installed during 1959 was the highest among 
the provinces, followed by Ontario which added 
831,300 h.p. The total installed capacity of water- 
power plants in Canada is now listed at 24.884,.848 
h.p. In addition to installations completed in 1959, 
new developments or additions to existing plants at 
present under construction are expected to add about 
1,700,000 h.p. during 1960 and an _ additional 
2,300,000 h.p. of new capacity are either under con- 
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struction or in active prospect for development in 
succeeding years. 

New thermal-electric developments or extensions 
to existing installations were under construction in 
nine of the ten provinces and in the Yukon and 
Northwest Territories; the construction of main 
transmission lines, distribution lines and substation 
capacity also proceeded vigorously during the year. 
The greatest increase in thermal capacity during the 
year occurred in Ontario where the development of 
the principal hydro-electric sites within economic 
transmission distance of present load centres has 
been largely completed. There is a growing tendency 
towards increased thermal electric generation in 
Canada which reflects not only a stage of. hydro de- 
velopment wherein available undeveloped sites are 
becoming more remote from established demand 
areas but also the benefits of resource conservation 
which may be derived through the operation of an 
integrated power system supplied by both hydro- 
electric and thermal-electric plants. 

Copies of the publication (Bulletin 2700) may be 
obtained free of charge from the Director, Water 
Resources Branch. Department of Northern Affairs 
and National Resources, Ottawa. 


Snowy Mountains Dam Poured 


ANOTHER stage has been completed in Australia’s 
Snowy Mountains scheme with the pouring of the 
last concrete in the construction of the Tantangara 
dam, six months ahead of schedule. Tantangara dam 
stands on the headwaters of the Murrumbidgee River. 
which it will divert through a tunnel ten and a half 
miles long. The dam was built by Uta (Australia) 
Ltd. and Brown and Root (Sudamericana) Ltd. 


Periyar Power Project 


HE Government of India has sanctioned a scheme 
to carry out surveys and investigations of hydro- 
electric schemes on Periyar and Cheruthoni rivers in 
Kerala State. 

An engineering division has been created for the 
expeditious completion of the work. The estimate for 
surveys and investigations is Rs. 1,642,000. It is en- 
visaged that a power house will be constructed at 
Iddiki with an installed capacity of 420,000 kW. 


Dez Project in Iran 


THE World Bank has approved a loan equivalent 
to $42 million to Iran for a multi-purpose project on 
the Dez River for electric power generation, irrigation 
and flood control in Khuzestan Province. 

The works to be undertaken include the construc- 
tion of a concrete dam, 620 ft. high, to create a reser- 
voir with a capacity of 2-7 million acre ft. The dam 
will be located on the Dez River in the upper half 
of a deep, narrow gorge where the river breaks 
through the last mountain range before entering the 
coastal plain. A pilot irrigation project includes a 
temporary diversion intake and canal, about 11 miles 
of main canals and 21 miles of branch canals, and 
various public works and services. Just below the dam 
an underground power house will be built and initially 
two 65 MW generating units will be installed. A 104 
mile high-voltage transmission line will run from the 
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dam site to Ahwaz to serve the areas of Ahwaz and 
the Persian Gulf towns of Khorramshahr and Abadan; 
secondary transmission lines will be built to serve the 
towns of Dezful, Andimeshk and Shush. 

The Government intends to establish an authority 
to execute and operate the Dez project as well as to 
have responsibility for planning, executing and 
managing the development of the water and power 
resources of all five rivers in Khuzestan. Pending the 
establishment of the new authority, the Dez project 
is being carried out by the Plan Organisation. Iran’s 
principal development agency. 

The total cost of the Dez project (excluding the 
power distribution facilities) is estimated at the equi- 
valent of $83 million, of which Iran has already spent 
$15 million. The Bank’s loan will cover the foreign 
exchange costs of completing the project and the 
remaining costs will be met by the Government. The 
dam and power facilities are scheduled for comple- 
tion by the end of 1962 and the pilot irrigation scheme 
by early 1964. 


Sacramento Generator Contract 


Exuiotr COMPANY, Ridgway, Pennsylvania, 
announces that it has been awarded a contract for a 
large hydraulic turbine-driven generator by Sacra- 
mento Municipal Utility District. This machine is a 
35,000 kVA, 277 r.p.m. suspended-type unit, complete 
with air housing. It will be installed at the Union 
Valley power house, Upper American River project. 
in El Dorado County, California. 


Scottish Contracts 


THE North of Scotland Hydro-Electric Board have 
placed contracts for the building of a power station 
on the eastern shore of Loch Ericht, some ten miles 
south of Dalwhinnie, and for the plant to be installed 
in this new station. The contract for building the 
station and allied civil-engineering work has been 
placed with A. A. Stuart & Son (Glasgow) Ltd. The 
plant, a 2,200 kW turbo-induction generator, will be 
supplied by Bruce Peebles & Co. Ltd., Edinburgh. 
The turbine will be manufactured by The Armfield 
Hydraulic Engineering Co. Ltd., as subcontractors. 
The civil-engineering consultants for the works are 
Sir Alexander Gibb & Partners. 


Calgary Power Expansion 


CALGARY POWER LTD. supplies Alberta with 
over 60% of its electric energy needs. The Company 
was established in 1909 and began operating the Horse- 
shoe Falls plant on the Bow River in 1911. Power 
was then supplied to the city of Calgary. the village 
of Cochrane and the cement plant at Exshaw. Today 
the Company’s high-voltage transmission lines serve 
60% of the Province’s populated area, or some 75,000 
square miles, embracing Alberta’s growing industrial 
centres. 

During 1959 the load on the Company’s system 
increased by 16%. Total energy consumed amounted 
to 1,630 million kWh, an increase of 225 million kWh 
over 1958. Transmission and distribution lines were 
extended throughout the system in order to meet the 
increased demand for power. No new generating plant 
was commissioned in 1959, but work is well ahead 
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on extensions to the Spray and Rundle hydro plants 
on the Bow River, west of Calgary, and at the Big 
Bend site on the Brazeau River, a tributary of the 
North Saskatchewan. 

Engineering and design work is also going forward 
for the third generating unit at the Wabamun steam 
plant, west of Edmonton. These developments when 
completed will represent 380 MW of additional capac- 
ity from 409 MW to 789 MW, an increase of nearly 
93% over the five years 1958 to 1963. This compares 
with an increase of nearly 119% over the previous 
five-year period 1953 to 1958. In 1959 over 8,000 new 
consumers were added to the system, bringing the 
number served directly to 106,000. Approximately 
$104 million were spent for new and improved elec- 
trical facilities last year. It is estimated that some $22 
million will be spent in 1960. 


Progress at Aschach 


FoLLowinG the completion of the modern hous- 
ing estate, which accommodates at present 800 em- 
ployees and workers, work is now advancing on the 
first construction stage of the Aschach project des- 
cribed in our December issue. It started, as planned, 
with the setting up, on the right bank of the Danube, 
of the cofferdam which will close the foundation pit 
of the locks. The gravel and sand excavated from the 
8 to 14 metre thick layer covering the rock bed is used 
for filling-in work, and two powerful pumps ensure 
the dewatering of the pit. Ancillary installations such 
as access roads, railway extension from Aschach 
station to the construction site, electricity supply, etc., 
are in part already in use, in part nearing completion. 
Personnel and material traffic between the two banks 
of the river is now attended to by the 25 ton ferry 
which previously operated at Ybbs-Persenbeug. 


Panchet Dam Commissioned 


PancHET dam and power station, the biggest pro- 
ject undertaken by the Damodar Valley Corporation. 
India, was recently inaugurated in the presence of 
Mr. Nehru. This development is the largest of four 
built by this company, the other three being at Tilayia, 
Konar and Maithon. The power station, which was 
completed in 1958, has been designed to house two 
40 MW sets, one of which has been commissioned. 
The Panchet scheme has cost Rs. 190 million. 


Finshyttan Receives Order for Turbines 


NorrKOPINGS Kommunala Affirsverk, Nort- 
képing, Sweden, have placed an order with Finshyt- 
tans Bruk for two vertical Francis turbines, each of 
5,800 h.p. at 24:5 m. (80 ft.) head and 187 r.p.m. The 
turbines, which are destined for Hovetorps power 
station in Central Sweden, will be arranged in the 
bottom of open flumes. The runners will be of welded 
design. 

Finshyttan also have on order a Kaplan turbine for 
Stensele power plant (the State Power Board in Anger- 
manland, Sweden. The turbine will have a diameter 
of 6:8 m. (22 ft. 4 in.) and an output of 67,000 h.p. 
at 18-3 m. (60 ft.) head. KMW have undertaken the 
machining of the larger components, and the guide 
wheel cover is at present being machined in a large 
mill at Christinehamn. 
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Fish and Power 


A survey is given of the impasse which now exists in the 
Pacific Northwest of America 


By W.R. D. SEWELL* and MARION E. MARTSt 


HE conflict of fish and power constitutes obstacles 

to the development of the water resources of the 

Pacific Northwest of the United States and 
threatens to become a problem of even greater mag- 
nitude in British Columbia. Traditionally the problem 
has been viewed as a choice between two mutually 
exclusive uses of certain streams in the region. These 
streams currently support large runs of migratory fish 
which provide the basis for one of the important in- 
dustries in the Pacific Northwest. The same streams, 
however, represent important hydro-electric power 
resources. The conflict arises because dams for water 
power are barriers to fish migration, and, so the 
fisheries agencies claim, if constructed in sufficient 
numbers, would lead to the extinction of the fish runs. 

This conflict has resulted in continued delays in 
developing the water resources of the Pacific North- 
west. With fisheries agencies and power agencies 
firmly entrenched in opposite camps, prospects of 
any mutually acceptable solutions to the problems in- 
volved are small. Failure to find solutions in the near 
future, however, will present the Pacific Northwest 
with with two alternative courses of action, both of 
them unsatisfactory. 

On the one hand, the region may be forced to turn 
to more expensive means of generating power and 
so lose an important competitive advantage it has 
over the rest of the nation; on the other hand, public 
pressure for the development of water power and 
other water uses may become so great that such de- 
velopment may proceed without a satisfactory solu- 
tion to the fish problem. 

It is pertinent, therefore, to consider the growing 
demand for power in the Pacific Northwest, the means 
by which this demand may be satisfied, and the effects 
which future power development may have on fish 
maintenance. The current approach to the fish-power 
problem is discussed below, together with some alter- 
native solutions which merit greater consideration 
than they have been accorded hitherto. 


The Growing Desire for Power in the Pacific 
Northwest 

In the space of less than a century the Pacific 
Northwest has been transformed from an outpost of 
Western civilisation to a region which enjoys one of 
the highest standards of living in the world. Even 
so, its economy is still in a relatively pioneer stage 
of development, with major emphasis on extraction 
and primary processing of local raw materials rather 
than on secondary manufacturing and service indus- 
tries. As a consequence, the region is subject to violent 
fluctuations in employment, and efforts have been 
made towards developing a more stable and diversi- 
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fied economic structure. The provision of an adequate 
energy supply has been regarded as a fundamental 
prerequisite towards achieving this end. 

The growth of power demand in the Pacific North- 
west has been extremely rapid, particularly since 
World War II. Consumption increased from 15 bil- 
lion kWh in 1945 to over 42 billion kWh in 1955, 
representing an average annual increase of 10%. It 
has been estimated by the United States Federal 
Power Commission that by 1980 requirements will 
have increased to nearly 148 billion kWh. Some 25 
million kW of capacity will be required to service 
this load. 

Currently there is approximately 8 million kW of 
capacity installed in the Pacific Northwest. In addi- 
tion, projects with a total capacity of 6 million kW 
are under construction. The combined total of 14 mil- 
lion kW thus falls short of 1980 requirements by 11 
million kW. The prospects for developing this addi- 
tional capacity, however, are clouded by conflicting 
interests, of which the problem of reconciling the 
maintenance of salmon runs with the construction 
of power dams appears to be the furthest from solu- 
tion. The importance of finding a solution is em- 
phasised by updated estimates of the Pacific North- 
west Governors’ Power Policy Committee, which 
indicate that 22 projects with a total capacity of 5,000 
MW are being held up principally by fisheries prob- 
lems. 

Hydro-power is at present the cheapest means of 
generating electrical energy in the Pacific Northwest, 
and hydro installations account for about 90% of the 
electricity generated in the region. Currently, power 
is wholesaled to utility systems for 2 to 3 mills per 
kWh. Although thermal power based on fossil fuels 
will occupy an increasingly important role in the 
future, it is at present much more expensive than 
hydro-power in this region. Again, nuclear power is 
still in the stage of experimentation and development; 
such cost data as have yet been released suggest that 
the Pacific Northwest will be one of the last areas to 
attract this new means of power generation. 

Although from a cost standpoint hydro-power is 
more attractive than either conventional thermal 
power or nuclear power, it is desirable to ensure that 
if hydro installations are built, adequate measures are 
established to offset fish losses which may result from 
such development. 


Approaches to Fishery Rehabilitation and 
Development 

The serious effects of encroaching civilisation on 
resources in general were recognised by conserva- 
tionists and others in the late 19th century, and their 
pleas for scientific resource management have been 
translated into action through various conservation 
laws and programmes. The enlightened approach to 
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forest management and soil and water conservation, 
for example, has beer a direct result. Typically, how- 
ever, it has required a crisis to arouse wholehearied 
efforts. 

In the case of the salmon fisheries of the Pacific 
Northwest the crisis stimulating scientific resource 
management was provided by large dam construction 
on the Columbia River. The fisheries had begun to 
decline much earlier but it was not until major dam 
construction began in the 1930's that really positive 
measures for rehabilitation and development of the 
fishery resource were initiated. Through the regula- 
tion and the research which have been carried out 
since then, it has been possible to gain a clearer 
understanding of the probiem and to implement pro- 
grammes designed to develop, rather than merely re- 
habilitate, the fisheries. 

Measures intended to offset losses due to dam con- 
struction and to increase the Columbia River fishery 
resources may be grouped conveniently as follows: 

(a) Construction of passage facilities at dams. 

(b) Fishing regulations. 

(c) Sanctuary stream programmes. 

(d) Research programmes. 

Much importance has been attached to the fish- 
passage facilities (iadders, etc.), which have been 
provided at all the main dams downstream of Chief 
Joseph in an effort to avoid or minimise fish losses. 
Adult fish ascend these facilities to the spawning 
grounds, but there are losses among the adults, as 
well as among the migrating young fish. The success 
of the fish facilities, therefore, is not yet assured. They 
are, moreover, very expensive and not considered 
technically feasible at high dams (such as Grand 
Coulee or the proposed Nez Perce dams). At present, 
they should be regarded as experiments designed to 
prevent complete elimination of fish runs and applic- 
able only at low-head dams. Combined with other 
measures, however, the passage facilities may be in- 
strumental in restoration of the Columbia River 
fishery. 

Recognition of the serious depletions of fish runs 
due to over-fishing resulted in the enactment of laws 
prohibiting traps, restricting the use of various types 
of fishing gear, confining fishing to certain seasons 
and certain areas, and enforcing closed periods even 
during the fishing seasons. Both seasons and closures 
are adjusted closely to catch and escapement counts. 
Because of the international nature of the problem, 
treaties with other nations have also been drawn up. 
For example, the International Pacific Salmon 
Fisheries Commission was established in 1937 by the 
governments of Canada and the U.S.A. with this end 
in view, but as other nations enter the fishery, bi- 
lateral treaties prove inadequate. Great international 
co-operation will be necessary if a stable fishery is to 
be assured. 

Although regulation has probably done much to 
prevent further decline of the fishery, more positive 
measures are required to restore it to former levels. 
At the same time, provision must be made to offset 
additional losses that are likely to result from further 
- construction on the main stem of the Columbia 

iver. 

A workable compromise was developed by the 
United States Corps of Engineers and the United 
States Fish and Wildlife Service in the Lower Colum- 
bia River Fisheries Development Programme which 
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was begun in 1949. These agencies considered that if 
the comprehensive plan for the development of the 
Columbia River was fully implemented, the spawning 
grounds in the upper part of the Columbia Basin 
would be lost. They decided that the best alternative 
would be to depend on the tributaries of the lower 
river and upon artificial propagation for the develop- 
ment of the salmon and steeihead runs of the Colum- 
bia River. 

The programme has two aspects: 

(a) Enhancement of the habitat and the access con- 
ditions and the development of means to supplement 
natural propagation. 

(b) Protection of fish runs through setting aside 
streams as fish preserves. 

To date the enhancement aspect has been largely 
implemented. Most of the stream clearing has been 
completed, several fishways have been constructed, 
eight new or rebuilt hatcheries have been placed in 
operation, and fish farming programmes undertaken. 
To implement the sanctuary concept the State Legis- 
latures of Washington and Oregon enacted fish refuge 
laws forbidding the construction of high dams on the 
lower Columbia Basin tributaries. Conflicting legal 
authority and jurisdictions, however, threaten the sanc- 
tuary concept. Specifically, the United States Federal 
Power Commission has licensed high power dams on 
the Cowlitz and Deschutes rivers, both recognised as 
sanctuary tributaries by the states and by the United 
States Fish and Wildlife Service. 

Much of the hope for rehabilitating the fisheries 
can be attributed to the research programmes under- 
taken by various international, federal, state and pri- 
vate agencies and by the universities. These pro- 
grammes have involved the expenditure of several 
millions of dollars. The Columbia River Fisheries 
Engineering Investigation and Research Programme 
of the United States Corps of Engineers, for example, 
is estimated to cost between two and three million 
dollars. The research is being carried out to discover 
the behaviour of salmon under natural and under 
man-made conditions. From the results of the re- 
search it is hoped that it will be possible not only to 
compensate for losses which result from the encroach- 
ment of civilisation but also to make unaffected areas 
more productive than they are at present. 


Difficulties in Resolving the Fish-Power Conflict 

Despite the large expenditures on research and the 
indications of success of rehabilitation programmes, 
the conflict of fish and power seems to be far from 
an acceptable solution. Foremost among the factors 
which tend to perpetuate the problem are: 

(a) The historic importance of the fishing industry 
in the Pacific Northwest. 

(b) Inappropriate comparisons of values of fish and 
power. 

(c) The increasing costs of fish preservation. 

(d) The time required to study the biological as- 
pects of the problem. 

(e) The importance attached to sport fishing for 
salmon. 

Because of the historic importance of fishing, and 
particularly salmon fishing, in the Pacific Northwest, 
it is understandable that the fisheries agencies are op- 
posed to schemes which threaten to deplete the re- 
source. They claim that once a run has been seriously 
damaged, it may be impossible to rehabilitate it. Con- 
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sequently, even though the results of research may 
suggest attractive means of compensating for fish 
losses, the fisheries agencies continue to oppose hydo- 
power projects. 

Another factor which tends to aggravate the fish- 
power problem is the attempt by the fisheries agencies 
and the power agencies to compare the economic 
value of fish and power. Generally, little resort to 
economic analysis is made in such comparisons and 
many of them are based on highly unrealistic assump- 
tions and grossly inflated figures. For example, the 
fisheries agencies have sometimes assumed that the 
installation of one dam will mean economic ruin to 
the fishing industry. Thus evaluations often compare 
the value of the power from the one dam with the value 
of the product of the entire fishing industry! In reality, 
of course, only part of the fishery would be affected. 
On the other hand, evaluations made by the power 
agencies seldom take into account long-run values of 
the fishery or the heavy investment in fishing boats 
and gear. 

The net result of this type of comparison is to 
preclude the possibility of compromise. A much more 
objective analysis of the values of fish and power at 
proposed hydro projects must be developed. Only 
then can the economic aspects of the problem be 
properly evaluated and balanced against other con- 
siderations. 

Evaluation of the fishery is complicated by the 
great popularity of sport fishing for salmon and the 
difficulty of appraising the intangible values and satis- 
factions from this type of recreation. At the same 
time, the sport fishermen represent an articulate well- 
organised constituency supporting the fishery agencies 
in Opposing dam construction. 

The importance of developing better evaluation tech- 
niques is emphasised by the increasing concern that 
has been expressed regarding the mounting costs of 
fish preservation in the Pacific Northwest. It has been 
estimated that over $127 million has been invested in 
facilities to protect Columbia River salmon since 
Rock Island dam was constructed in 1933. While ex- 
penditures at dams constructed to date have been 
large, the costs of fish preservation at those to be 
constructed in the future may be even greater. For 
example, the Bonneville fish facilities cost about $7 
million, whereas those at The Dalles cost $18 million 
and those at McNary are expected to cost over $27 
million. The question has been raised as to whether 
these expenditures are justified. 

It is not generally realised that as development in 
the basin proceeds, investment in fish facilities yields 
diminishing returns. Fig. 1* shows that as further 
dams are added, cosis of preservation increase but the 
number of fish preserved diminishes. This is because, 
even with the most efficient facilities so far devised, 
losses of migrants occur. These losses tend to be 
cumulative as the fish pass upstream and downstream, 
so that if sufficient dams are added, the whole run 
may be eliminated. The diagram shows the effect of 
these losses. Eventually a point is reached where the 
cost of preserving the fish exceeds the value of the fish 
preserved. Further investment in fish facilities beyond 
this point cannot be justified on economic grounds. 
Since justification must then rest on social and philo- 





. Reproduced by kind permission of the Editor of Land Economics from 
an article by the present authors 
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sophical considerations alone, impartial assessment is 
particularly important. 

A fourth factor which tends to perpetuate the fish- 
power conflict and which inhibits a solution to the 
problem is the manner in which the time element 
affects the two groups of interests involved. The 
fisheries agencies are interested primarily in the bio- 
logical aspects of the problem and their studies have 
concentrated on salmon behaviour and biology, as 
well as on the effects of dams on fish runs and on 
means of getting fish over dams. Because of the com- 
plexity of the problems, studies involve great detail, 
and are carried out at a wide variety of locations. 
Such studies are essential to good solutions but are 
very time-consuming, and the general result is to push 
the resolution of the conflict further and further into 
the future. 

Meanwhile the power agencies, conscious of the 
problem of meeting rapidly growing power demands, 
are becoming increasingly impatient of the time re- 
quired for biological studies. Faced with an infla- 
tionary construction cost spiral, these agencies realise 
that the prospects of taking maximum advantage of 
certain undeveloped cheap power sites in the Pacific 
Northwest are fading. The power interests are becom- 
ing increasingly aware that delay in developing the 
best sites represents real costs in the form of invest- 
ment in more expensive power sources, inhibited in- 
dustrial and commercial growth, and uncertainties in 
power planning which interfere with taking full ad- 
vantage of co-ordinated development and operation 
of power plants already in existence. They are, there- 
fore, particularly anxious to proceed without delay to 
construct additional projects, especially dams on the 
Cowlitz, Snake, Clearwater and Salmon rivers, where 
the conflict is most intractable. 


Neglected Alternatives 

In addition to the approaches already discussed— 
namely, fishing regulation and sanctuary stream pro- 
grammes—there are a number of other, at least 
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theoretical, possibilities which merit consideration. 
These include the development of runs on non-power 
streams, the development of alternative fisheries, and 
the provision of alternative occupations for fishermen. 
Although such alternatives would be expensive, they 
should not be summarily rejected. Consideration 
should be given the fact that very large expenditures 
are planned for fish ladders without assurance of suc- 
cess. Careful investigation might or might not in- 
dicate that such sums could more effectively be in- 
vested in alternative solutions. 

As is suggested by Fig. 2, construction of certain 
hydro-power projects may make it impossible to 
maintain fish runs in some parts of the basin. In some 
circumstances it may be possible to compensate losses 
by relocation of runs and artificial propagation. The 
Grand Coulee Fish Maintenance Programme, which 
was based on this approach, has achieved a measure 
of success. There may be other attractive oppor- 
tunities for such schemes, not only in the Pacific 
Northwest, but also along the B.C. coast and in 
Alaska. Such possibilities, of course, are limited by 
the size and the nature of the run to be compensated. 
While a programme may achieve considerable suc- 
cess in One area, it may be a complete failure in an- 
other. What is important, however, is that all pos- 
sibilities should be considered and thoroughly inves- 
tigated. 

It is possible that more intensive development of 
the Alaska fisheries might offset some of the losses 
which are expected to result from the installation of 
dams in the Columbia and Snake basins. Currently 
the Alaska fishery is about 20 times the size of the 
Columbia fishery (an annual average of 3,347,446 
cases versus 161,731 cases in the period 1949-58). 
The United States Fish and Wildlife Service has said 
that “intelligent management of resources, based on 
scientific knowledge, would increase the annual pro- 
duction in Alaska by at least 50 million pounds 
(1,041,000 cases).” Development in Alaska seems 
particularly attractive since conflicts with other re- 
source developments such as agriculture, forestry, and 
hydro-electric power, are minimal and there is an 
abundance of suitable streams for spawning through- 
out the area. 

In addition to a geographical reorientation of pro- 
duction, it is possible that research may reveal or de- 
velop species or varieties of fish which are able to 
adapt themselves to the new conditions in the basin. 
Experiments in selective breeding and hybridisation 
in progress at the University of Washington, Seattle, 
show that it is possible to develop races of fish which 
are not only much larger and stronger than present 
races but are also able to reproduce within a shorter 
cycle. The advantages of fish-farming techniques 
merit much more attention than they have been given 
to date. 

The fishing industry has experienced wide fluctua- 
tions both in the price of its product in the past and 
in the volume of its catch. In consequence there has 
been much economic instability in communities de- 
pending on fishing for the main source of their in- 
come. The provision of alternative occupations (by 
subsidising other industries, perhaps) in these com- 
munities would serve a two-fold purpose. It would 
assist in diversifying the economy and also help to 
offset losses of income which might result from de- 
pleted salmon runs. 
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Summary 

Of the various problems which confront the de- 
velopment of the water resources of the Pacific North- 
west, the conflict between fish and power is of the 
longest standing but appears to be the furthest from 
solution. Although tremendous amounts of money 
and effort have been expended, the two groups of 
interests appear to be firmly entrenched in opposite 
camps, and, as time passes, prospects of compromise 
seem to become more remote. 

There are numerous reasons for the delay in find- 
ing a solution. Perhaps the principal one is the ten- 
dency to regard the problem as a choice between two 
mutually exclusive alternatives. In the broader con- 
text of river-basin development, fish maintenance is 
but one of several possible uses of the waters of the 
basin. Many of these uses such as power, irrigation, 
and navigation may be complementary, or at least 
compatible. 

In the case of fish and power uses, compatibility 
may be more difficult, and perhaps impossible, to 
achieve at given sites or within given reaches of the 
rivers. None the less, compatibility within the broader 
context of comprehensive river-basin and regional de- 
velopment may well be possible—and is certainly de- 
sirable. It can only be achieved, however, by an 
earnest effort by all parties to investigate all alterna- 
tives and work out and implement effective com- 
promises. 





Importance of the Conveyor. Under this title Hugh 
Wood & Co. Ltd. has issued a brochure in connection 
with the “War on Want” exhibition held recently at 
Westminster Hall. It shows, among many other 
things, the application of conveyors for the transport 
of aggregate to the Hirakud dam in India, and to the 
Owen Falls scheme in Uganda. 


Civil Engineering Films and Models. The Federation 
of Civil Engineering Contractors, of Romney House, 
Tufton Street, Westminster, London, S.W.1, have just 
completed their latest list of films and models avail- 
able from members of the Federation. The list in- 
cludes at least 42 films ard 16 models of many of the 
varied activities of civil engineering. There are several 
films on hydro-electric schemes, power stations and 
transmission lines, though there is quite a variety on 
water supply, roads, bridges, general industry and on 
other miscellaneous features. The films and models 
may be borrowed, usually without charge, from the 
addresses of the members given in the list, which is 
supplied post free by the above Federation. 
Prestressed and Precast Concrete. One is very familiar 
with the increasing importance and advantages in 
utilising prestressed and reinforced precast units for 
structures being built today. An illustrated brochure. 
“Tomorrow’s Methods Planned Today,” published by 
the Concrete Development Co. Ltd.. of 13-15, Car- 
taret Street, London, S.W.1, shows the versatility of 
these factory-made structural concrete units. The 
fact that these units are produced under workshop 
conditions gives them the accuracy and dependable 
quality that increases their demand. The Concrete 
Development Co. Ltd. also show in their brochure the 
speed of erecting concrete frames, floors, roofs and 
cladding by a few semi-skilled men. They also em- 
phasise the importance of research and development 
in this field where their technical staff continue to 
expand their knowledge. 
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Fig. 1. Eume dam, completed in September 1959 


The Eume Hydro-Electric Scheme 


An account is given of this new station, in the north west 
of Spain, which is owned by the Fuerzas Eléctricas del 
Noroeste, S.A. (FENOSA) 


By L. F. QUIROGA PINEYRO, D.C.L.(Eng.) 


N Spain, generation and distribution of electrical 

energy is in the hands of several companies who 

Operate in different parts of the country but whose 
networks are interconnected, thus forming the 
National Grid System having lines of 132 kV and 
220 kV. 

Fuerzas Eléctricas del Noroeste, S.A. (FENOSA), 
which was formed in 1943 to exploit the natural re- 
sources of Galicia in the North West of Spain, is now 
generating and distributing all the electrical power 
for that region. The FENOSA system is made up, as 
shown in Fig. 2, of three main hydro-electric stations 
and one thermal station. The latter supplies the bulk 
of the energy during the dry periods, while the peaks 
are provided by the other three stations. 

The total power installed in the system up to 1959 
‘vas 243 MW, the stations being interconnected by 
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means of 132 kV and 66 kV transmission lines. With 
Eume entering into service last December, this power 
has been increased to 307 MW; this station is located 
in the network between the El Ferrol and La Grela 
substations (Corufia). Later, in 1963, another hydro- 
electric station now undergoing construction—which 
will be the biggest in Spain and within the first ten of 
its kind in Europe—will bring the total installed 
capacity in this system up to 532 MW, with a possible 
regulated production of 1,500 million kWh per 
annum. 

At the moment in Galicia, the daily distribution of 
energy is one million kWh, with a maximum peak of 
90 MW, the remainder of the energy available being 
exported over 132 kV transmission lines to the centre 
of Spain, Portugal and France. FENOSA exports 
every year approximately 130 million kWh, depend- 
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ing upon the rainfall and the energy stored in the 
reservoirs. The maximum demands for power occur 
at La Corufia and Vigo, the two largest cities of 
Galicia and most important harbours of the north-west 
coast, where industry plays an increasingly important 
rdle. The Eume project will not only supply more 
power to the growing industry of the country, but 
will also ease the demand for consumption in the 
north-west, where the consumption rate is increasing 
at 8% per year. The location of Eume station will 
also reduce transmission losses to a substantial extent. 


Eume Dam 

The site for the Eume dam is just over 50 km. from 
La Corufia on the Eume river and at a point where 
the banks rise at about 60° to a height of 200 m. 
above the river bed. The dam itself is of the cupola 
variety, 103 m. high, and is of the single-radius and 
double-curvature type, with a chord length of 220 m. 
A free spillway is provided over the top of the dam. 
This solution was adopted in the light of the follow- 
ing considerations: The maximum flood of 500 cu. m. 
per sec. is very seldom reached; the expropriation of 
land is expensive; the cost of gate maintenance is 
saved; and finally, in view of the high head above 
the turbines of 256 m., an increase of only two metres 
by installing the gates was not justified. 

The water falls into a reinforced-concrete stilling 
pool which is anchored to the foundation rock at its 
periphery so as to prevent any breaking effect due to 
the upthrust originated by the perpendicular force 
of the falling water in the centre of the basin. 

The foundations of the dam are sound and reliable 
since all the area covered by the site was found to 
be a uniform and compact granite. The total volume 
of concrete placed reached 210,000 cu. m.. which is 
considerably less than it would have been if the dam 
had been of the gravity type. Concreting took just 
over a year. 

With a catchment area of 500 sq. km., and an 
annual average rainfall of 1,000 mm. per sq. m., the 
Eume dam will create a reservoir with a total useful 
storage capacity of approximately 122,300,000 cu. m. 
of water, representing some 50 million kWh. The 
water is conducted through a tunnel with a surge 
chamber at the far end, and thence to a valve house 
which serves the two penstocks for the turbines. This 
tunnel is of circular cross-section, having a diameter 
of 3 m., and is capable of a maximum water flow of 
26°4 cu. m. per sec. The total volume of excavation 
was 43,000 cu. m., the length of the tunnel being 2.800 
m. The tunnel was driven from two adits in addition 
to the ends, these adits being finally sealed off from 
the tunnel by a concrete bulkhead in which a pipe. 
fitted with a removable cover, was embedded to afford 
access for inspection. 

Although at the dam foundations the rock pre- 
sented good characteristics, some trouble was experi- 
enced during the tunnelling work as sections of poor 
quality rock were encountered. Because of this fact, 
the tunnel was reinforced and concrete lined as far as 
the surge tank. From the surge tank to the valve 
house, the tunnel was steel lined. 


Surge Chamber and Pipeline 

The surge chamber consists of a top expansion 
chamber and a lower chamber joined by a vertical 
stabiliser shaft. The top chamber is of circular cross 
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section, is excavated in rock, and is open to the atmo- 
sphere and lined with concrete. It has an inside 
d.ameter of 16 m. and a height of 7-75 m. The vertical 
stabiliser shaft is 4-5 m. in diameter and 61-10 m. in 
height. The lower chamber is formed by a tunnel 
loop at the same level as the main tunnel, having an 
oval section with a maximum width of 6 m. and a 
maximum height of 3-80 m. 

The maximum oscillation due to a positive surge 
is 6-69 m., calculated on the basis of a sudden closing 
of the turbines resulting in a zero flow. The lower 
chamber has been calculated on the hypothesis of a 
sudden change in the conditions of flow from 50% 
to 100% demand, giving rise to a negative surge. This 
will produce a decrease in level of 7:03 m. 

In the dimensioning of the stabiliser shaft Thoma’s 
well-known formula was used, and referred to the 
initial stability and considering a coefficient of safety 
of 1-4. As a final check on the calculations, several 
tests were carried out on a scale model, the results 
obtained being found to be satisfactory. 

In the valve house, two butterfly valves are in- 
stalled, fitted with closing devices which can be 
operated either from the valve house itself or from 
the power station. Nevertheless, for reasons of safety, 
these valves cannot be opened unless a certain ancil- 
lary circuit is closed by a responsible person in charge 
in the station control room. 

The pipeline is 310 m. long, and its thickness, which 
ranges from 25 mm. to 14 mm., is calculated to with- 
stand an overload due to surges of 20%. The maxi- 
mum useful head obtainable by this system is 256 m. 
at the turbines, which, owing to this head, are of the 
Francis type with a maximum output each of 37,500 
h.p. at a speed of 600 r.p.m. 


Power Station 

At the power station, the intake valves to the tur- 
bines are of the spherical type, hydraulically operated 
and electrically controlled from a panel located at 
the machine floor. In this panel there are also means 
of controlling the bypass valves, the cooling-water 
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Fig. 2. Map of the FENOSA system 
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pumps and the alarms indicating 
lack of oil in the bearings of each 
alternator and turbine. Bypasses 
are provided on each of the spheri- 
cal valves so that the pressures on 
the two sides can be equalised 
before the valve is opened. Each 
valve weighs 15 tons. 

The spiral casing, made of fab- 
ricated steel plate, was supplied 
to site completely assembled and 
with the stayring in _ position, 
bringing the total weight to be 
handled to just over 18 tons. Con- 
trol of the guide vanes is effected 
by means of a hydromechanical 
servo system actuated by a gover- 
nor driven electrically from a 
permanent-magnet generator 
coupled to the exciter shaft. 

Draft-tube gates are of the ver- 
tical-lift sliding type 3-50 m. by 
1-82 m., and are handled by a 
small 4-5 ton gantry crane operat- 
ing along the draft-tube deck out- 
side the station wall. 

The architecture of the power 
station is on modern lines. The 
building houses two 32,000 kVA 
0-8 power facior, 11,000 V, three- 
phase, 50 cycle alternators, each 
machine being provided with dif- 
ferential, over-current and earth- 
fault protection as well as over- 
speed and automatic carbon- 
dioxide fire-protection systems. 
Basically, the two machines are 
mounted on a square plate fixed at two corners and 
free at the other two. At the free corners, lead sheets 
are placed between the plate and the supporting struc- 
ture to allow for expansion. This plate, where the 
actual alternator foundations are built, is made of 
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Fig. 3. Surge chamber, tunnel end valve house 
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Fig. 4. View of the power station from the river bed 


reinforced concrete calculated to withstand the heavy 
loading conditions imposed by the machine. The 
bottom brackets and siator frames, which are first 
truly aligned and levelled with foundation bolts in 
position, are then grouted in with a mixture of Port- 
land cement and sharp sand in equal proportions. 
They are subject to the following loads at each of the 
six bottom-bracket or stator feet:— 

Stator —Vertical load 35,000 kg. Tangential load 
in direction of rotation 3,400 kg. at full load rising 
momentarily to 34,500 kg. in the event of a short 
circuit. 

Bottom bracket.—Vertical load 600 kg.. rising to 
15,600 kg. during jacking. Tangential load in direc- 
tion of rotation 150 kg. during braking. 

Closed-circuit ventilation has been provided, with 
the water-cooled air coolers arranged within the 
machine enclosure and with the fans on the top and 
bottom of the rotor. A noteworthy feature is that the 
air guides on the stator frame are made of fibreglass. 
which reduces the iron losses of the machine. Cooling 
water for alternators and transformers is pumped up 
from the tailrace to a tank placed well above and 
aside the station, whence it is conducted through 
pipes to the corresponding items and then drained 
back to the river. Provision has been made at the 
tank for closing devices to isolate any desired pipe, 
and relays have been fitted for controlling overflow 
and low level, to enable any pumping set to operate 
when required. 
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Fig. 5. View of the power station, penstocks, substation and two 


outgoing lines 


Air-operated brakes are installed and have suffi- 
cient capacity to bring the rotating parts to rest after 
field excitation of the generator has been switched off. 
The brakes are also designed for use as hydraulic 
jacks to lift the generator and the rotating parts of 
the turbine to a sufficient distance to provide removal 
or adjustment of the thrust bearings. 

Voltage regulation on these machines is effected by 
the modern method of combining a main exciter and 
pilot exciter, on the main shaft of the machine, with 
an amplidyne driven by a d.c. motor from the pilot 
exciter and controlled by a magnestat regulator. This 
excitation system supplies the main exciter field on 
automatic control. Control of the magnestat is from 
a voltage-sensitive circuit comprising a linear circuit, 
the d.c. output from which is proportional to the 
voltage to be controlled, and a magnetic standard 
(British patent) which gives a substantially constant 
output over a wide range of input voltage. This regu- 
lator acts continuously and employs no moving con- 
tacts apart from the switching devices used to put 
the regulator into control. 


Electrical System 

The station is started up by means of a supply 
taken from the 15 kV network through 15/11 kV 12 
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MVA transformers and from the 
11 kV busbar to the auxiliary 250 
kVA transformers and low-volt- 
age switchboard. When run up 
and synchronised the machine is 
switched on to the system by the 
11 kV generator breaker. It can 
be seen from the circuit diagram, 
Fig. 10, that either machine can 
be connected to either transfor- 
mer and that the 11 kV busbar 
can be connected to either 
machine. Load can also be trans- 
ferred from one transformer to 
the other without shutting down. 
The scheme allows for the servic- 
ing of the 11 kV circuit breakers 
with minimum disturbance to the 
remainder of the station, also 
ensuring continuity of supply to 
the auxiliaries and 15 kV feeders 
as far as is reasonably obtainable. 
To attain this interchangeability. 
generators and transformers have 
been treated as a unit for protec- 
tion purposes. 

The 11 kV switchgear is of the 
metalclad vertical-plugging type 
offering a good number of advant- 
ages as well as a pleasing appear- 
ance. The most outstanding fea- 
tures on this modern switchgear 
are the extremely compact design 
and the ease of maintenance. The 
circuit breaker is raised and 
lowered by means of a vertical 
jackscrew and bevel gears which 
can be actuated locally or remote 
controlled from the control room. 

In the control room, which is 
conveniently located to overlook 
the whole of the machine floor, are 
installed all the automatic controls, warning and emer- 
gency equipment. The control panels are of miniature 
design with the usual metering instruments and with 















































Fig. 6. Section through the power house 
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Fig. 7. Top bracket and thrust bearing ready to receive the main 
exciter frame 





by an audible alarm, which is 
cancelled by the operation of the 
acceptance key of the fascia plate. 

To the left of the control room 
is the relay room accommodating 
all the relay panels for the 132 kV 
and 15 kV feeders. To the right 
is the 15 kV indoor-type switch- 
gear providing double busbars, 
two incoming lines from the 12 
MVA transformers and six 
feeders. 

The substation is located adja- 
cent to the power house and its 
dimensions were subject to much 
discussion as regards the cost of 
excavation involved. Because of 
this fact, it was considered pre- 
ferable to devote a small area for 
the switchyard, counterbalancing 
for the restricted space by means 
of a high steel structure having all 
the members required to support 
the various isolator switches. 
Although loading was high, a 
reasonable light structure was 
achieved. 

The layout of the substation 
covers the two outgoing feeders 
to El Ferrol and to La Corufa, 
two main transformers, and a bus 
coupler at one end. The two main 
transformers are rated at 32 
MVA, being three-phase 50 cycle 
oil-immersed double-wound and 


a colour-circuit diagram which has indicating lamps _forced-oil-water-cooled. The primary winding is for 
and semaphores to show the opened or closed posi- 11,000 V delta connected and the secondary at no- 


tion of the breakers and isolators. An annunciator 
alarm fascia is also provided in the control room, on 
which the operation of any protective device is visu- 
ally indicated. This visual indication is accompanied 








Fig. 8. The two 32 MVA main transformers in the Fig. 9. The 12 MVA 11/15 transformer and the 250 
outdoor substation kVA auxiliary transformer 
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Fig. 10. Circuit diagram of Eume station showing the protective equipment 


load gives 132,000 V star connected with the neutral 
point brought out to a bushing and connected directly 
to earth. These transformers are fitted with off-load 
taps which can be adjusted by means of an externally 
operated off-circuit tapping switch. As stated pre- 
viously, because of the requirement that each genera- 
tor should be capable of feeding either transformer, 
protection is independent for each unit, thus provid- 
ing balanced differential protection for each transfor- 
mer and a back-up overload protection. Earth fault 
is also covered by a current transformer in the high- 
voltage neutral, and finally there is the classic Bucholz 
relay fitted with corresponding alarms at the control 
room. 

Isolating switches and earthing switches in the two 
outgoing feeders are of the triple-po'e rotating-post 
type. all of which are operated from ground level with 
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their mechanism attached to the structure towers. 
Castell interlock devices arranged in each of the 
operating mechanism boxes prevent personnel from 
making a false manoeuvre. 

The two outgoing feeders are protected by distance 
impedance protection backed by overcurrent. The two 
circuit breakers for these feeders have single-phase 
high-speed auto-reclosing features with pneumatic 
operating mechanism, while the remaining three are 
of the three-phase automatic-opening type. These cir- 
cuit breakers are of the bulk-oil type having a ruptur- 
ing capacity of 2,500 MVA at 132 kV. 

The compressed air for the breakers is supplied 
from duplicate three-stage air compressors which will 
maintain the pressure automatically in two receivers. 
From these two receivers. the compressed air is taken 
through pipes to a tank in each breaker, which en- 
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sures operation for a minimum of three times in the 
event of the compressors being out of service. 


The two outgoing feeders have been so arranged 
that full power can be transmitted in either direction, 
that is, to La Corufia or to El Ferrol, and some 20 
MW may be accepted from Los Peares power station 
in the first case. This will give continuity of power 
supply to a La Corufia-Vigo region, where most of 
the load is concentrated, in the event of an outage 
of Tambre station. The 132 kV to 66 kV transforma- 
tion capacity at La Corufia substation is 50 MVA. 

Earthing at Eume station offered some difficulties 
due to the presence of granite rock all around the site 
and very near the surface. After having tried several 
methods of earthing at different parts of the site, the 
solution adopted, although rather expensive. was to 
make four excavations joined by a deep trench along 
the river bed ending just before the discharge of the 
turbines. In these excavations, copper plates were 
buried in a mixture of charcoal and vegetable soil, the 
electrodes being connected in parallel by a copper 
conductor which was then connected to the main 
earthing ring of the station. The length of the copper 
conductor was 80 m. It is of interest also to note that 
turbulence of the river at this point is very much 
attenuated by the cofferdam built downstream in 
order to maintain maximum level in the tailrace. 


Contractors 

All the civil work, including the dam, tunnelling 
and power station has been carried out by the Spanish 
civil-engineering constructors Dragados y Construc- 


International Course in Hydraulic 
Engineering 

The fourth International Course in Hydraulic 
Engineering will be held from October 19, 1960, to 
September 14, 1961, at Delft, the Netherlands. This 
course is organised by the Technological University 
at Delft. in collaboration with the Netherlands Uni- 
versities Foundation for International Co-operation 
(NUFFIC). The course is intended for graduates in 
civil and hydraulic engineering, with practical experi- 
ence. The language of instruction is English. The 
programme allows a choice between: 

(1) tidal and coastal engineering (including har- 
bours), 

(2) rivers and navigation works, and 

(3) reclamation (including ground-water recovery), 
as alternative branches of study. 

The course comprises lectures, group discussions, 
working visits and a period of individual and prac- 
tical work, adapted to the special needs of the partici- 
pant with a view to future work in his own country. 
At the end of the course, a diploma in hydraulic engi- 
neering will be awarded to the participants who have 
achieved sufficient results according to the judgment 
of the Faculty. 

Professor J. Th. Thijsse, Director of the Hydraulics 
Laboratory at Delft, is general adviser of the course. 

The tuition fee for the course is 2,000 Dutch 
guilders, and the closing date for application is July 
31, 1960. Further particulars may be obtained from 
NUFFIC, 27 Molenstraat. The Hague, Netherlands. 
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ciones, S.A. The penstocks were supplied by Maqui- 
nista Terrestre y Maritima, S.A., of Barcelona. The 
penstock butterfly valves are of Neyrpic construction 
and were erected by that company’s personnel. The 
whole of the electrical plant for the Eume installation 
was provided by the British-Thomson-Houston Co. 
Ltd. as main contractor; this order included the two 
generating units, supply transformers, circuit breakers, 
switchgear and all the control gear associated with the 
power station and substation. The water turbines 
themselves were subcontracted to Boving and Co. 
Ltd., and the cables were supplied by Pirelli Espafiola. 
S.A., excepting those comprising the alarm circuits, 
which were supplied by The Standard Telephones ard 
Cables Limited, of England. 

B.T.H., now a member of the A.E.I., will supply all 
the electrical equipment: concerned with the new Bele- 
sar Station and the extension of the substations of Vigo 
and La Corufia, both of which will be owned by 
FENOSA. Belesar will contain three 88,000 kVA, 11 
kV, 214 r.p.m. vertical generators driven by 104,800 
h.p. Francis-type turbines made by Boving and Co. 
Ltd. The switchgear will consist of 220 kV air-blast 
circuit breakers and bulk-oil breakers for those at 
132 kV. 

With the completion of the Eume project, FENOSA 
is very proud to take part in the vast programme of 
industrialisation of the country, and is happy in the 
fact that. like many other hydro-electric projects, it 
has an international aspect in that it was accom- 
plished by the united effort of many in different coun- 
tries as the outcome of negotiations carried out with 
cordiality and goodwill. 


The Onesund Power Cable Project. A recent Blue 
and White issue, No. 24, of the Swedish State Power 
Board deals with the laying of a submarine 120 kV 
power cable between Sweden and Denmark. The 
cost of this project is being shared equally between 
the Sydsvenska Kraft A/B, a Swedish private power 
company, and the State Power Administration. A 
cable of conventional construction with a circular 
sheath and oil expansion vessels at its terminal points 
has been used, and was supplied by Sieverts Kabel- 
verk. For the Danish land cable a flat-type of con- 
struction was chosen. The problems involved in the 
laying of the cable across the Gresund were over- 
come by using a floating cable drum utilising its 
small draught in shallow waters and sailing it in a 
zig-zag course in order to pay out the required excess 
length of cable. As an aid to navigation in laying the 
cable, the Danish Decca chain was used. After lay- 
ing, an investigation was carried out with the help 
of underwater television and frogmen. 


Pantak Limited, of Vale Road, Windsor, Berks.. have 
recently concluded an agreement with Usines Balteau, 
of Liege, for the marketing in the U.K. of two ranges 
of lightweight portable industrial X-ray equipment. 
This equipment will complement their existing mobile 
units and will consist of two oil insulated units of 
140 and 200 kV capacity and three gas insulated units 
of 150, 180 and 300 kV capacity, the 180 kV unit 
being specially developed for the examination of 
circumferential welds. 
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Underwater Blasting 
and Blasting through Overburden 


An account is given of some of the most important findings 

which have resulted from investigations made in Sweden 

involving the blasting of rock surfaces below water or under 
relatively loose soil deposits 


By ULF LANGEFORS 


PART ONE 


blasting where the rock surface lies beneath 

water, clay mixed with water, or beneath a layer 
of soil or till, entails so many problems that this 
branch of blasting technique deserves to be specially 
analysed. 

Drilling and charging costs have been very high 
when divers have had to do the work, and at the same 
time it has been considered necessary to have a larger 
number of holes and from three to six times as much 
explosive as in ordinary bench blasting. There has also 
been a large percentage of holes which could not be 
charged after being drilled (2-10%), and a still higher 
occurrence of faults in occasional detonators and their 
wires (5S—20°%). A fundamental fact which has not been 
realised is that conventional underwater blasting has 
been carried out in such a way that there has been a 
great risk of flashover between different holes. From 
the point of view of safety alone this is very unsatis- 
factory; with respect to the blasting result it means 
that it is no longer possible to control and decide the 
sequence of breakage in multiple-row short-delay 
blasting. Fragmentation will be unsatisfactory, and 
there will be a risk of incomplete tearing at the bottom. 

In the view of the complicated phases of the work 
which proper underwater blasting entails it has been 
important to consider various possibilities for simpli- 
fying the work and the technical factors determining 
the final result. Investigations for this purpose have 
been made both from the point of view of a general 
study of principles, and in conjunction with major 
current underwater operations. They have been 
carried out in the research departments of the Nitro- 
glycerine Company at Gyttorp and Vinterviken in 
collaboration with various concerns and institutions 
in which AB. Skanska Cementgjuteriet and AB. 
Bergendahl and Héckert especially have done work of 
decisive importance in furthering this development. 


[J isting were blasting, or more generally, 


Calculation of Charges 

For rational underwater blasting it is essential to 
achieve the desired result with a minimum of drill 
holes. The calculation of the charges will be discussed 
here on this basis. 

The cost of the blasting is very closely connected 
with the number of holes; on the other hand, the 
footage drilled plays an entirely subordinate part. An 
increasing diameter of holes, of course, increases the 
actual drilling cost per hole, but other factors are 
comparatively little affected. This applies to collaring 
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the holes, identification, placing the charge and ignition 
media, and subsequent checking. In addition, divers’ 
work in connecting, checking and searching for 
defects is facilitated by a wider spacing of holes. As a 
matter of fact, a connected round of 200 holes, for 
example, at a hole distance and with a burden of 
1 x 1 m. is an impenetrable jung'e of wires for a 
diver if each one is drawn up to the surface separately. 
In a round with the same number of holes, but with a 
distance between the rows and the holes of 1-8 x 1-4 
m., it will be possible to get at an individual hole 
inside the round in an entirely different manner if it 
should be necessary to change a detonator or the 
electric wires. This last round is consequently simpler 
in spite of the fact that it affects 500 sq. m. instead of 
200 sq. m. as in the first example. 


Breakage 

The energy required for detaching the rock lies 
chiefly in the comparatively slow tearing which follows 
when the shock wave has given an indication of radial 
cracks round the hole. In the case of a covered rock 
face the movement of the rock is restrained by static 
counterpressure p = 0-1 D kg. per sq. cm., in which D 
indicates the depth in metres. If the movement of the 
rock face is assumed to be less than 0-1 m. when the 
loosening is completed, the additional energy required 
on account of the covering will be less than 104 x 0-1 
per kg. m. per sq. m. At a depth of 10 m. the value of the 
additional energy = | ton m. per sq. m., which is only 
0-2% of the chemical energy per kg. of the explosive. 
For other reasons drilling below the bottom to be 
blasted will be recommended later; this gives an 
additional charge of at least 0-25 kg. per sq. m. com- 
pared with blasting above water. An efficiency of 0-8 % 
is consequently all that is required to give full com- 
pensation for the effect of the load of water. With 
covering materials other than water a factor p is added 
for the additional energy so that the value will be p 
ton m. per sq. m. at a depth of 10 m. 


TABLE I.—DENSITY AND SOUND VELOCITY FOR VARIOUS 








MATERIALS 
p | c 
Material |_gr. per cu. cm. | m./sec. | =m __ 
Water ... oat 1 | 1500 
Granite oh 2:7 3950 7 
Gneiss = 21 | 5000 7 
Limestone... 2°6 3700 } 6-4 
14] 





In ordinary blasting, the shock wave which gives 
the first phase of the loosening process contributes less 
than 20% of the energy required in loosening the rock. 
If the rock face lies beneath covering material part of 
the energy of the shock wave is lost to the covering. 
This loss, F, is greatest for a plane wave with its front 
parallel to the rock face. In this case 


‘m — 1\? 
F=1 = + i} 
where m = poc,/pc in which po and co indicate the 
density of the rock and the velocity of the sound, p and 
c corresponding to values for the covering material. 
A table of densities and sound velocities for various 
materials is given in Table I. 

If we take m = 7 we get a loss of F = 0-44, i.e. at 
the most 44% of the shock wave energy is lost, 
corresponding to less than 8% of the total energy 
required for loosening the rock. If to simplify matters 
we reduce the hole distance by 20% from the E = 
1-25V usually given, to E = V we can then apply the 
relations which obtain for bench blasting and, in 
doing so, have in addition an extra margin of more 
than 10%. There is an important additional factor, 
however, in that at low bench heights in underwater 
blasting bigger burdens can be used by allowing the 
bottom charge to rise higher than in ordinary blasting, 
where the risk of throw limits the charge depth to a 
distance V from the upper face of the rock. If the 
charge in underwater blasting is permitted to rise to §V 
from the rock face a new curve, b in Fig. 1, is obtained 
for the relation between bench height K and maximum 
burden Vm which perceptibly increases Vm for a 
given bench height compared with a, which holds 
good for ordinary bench blasting. The relation is 
indicated for a bottom diameter d = 50 mm. and is 
transformed into other d + values according to the 
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Fig. 1. Relation between bench height and maximum 

burden at diameters between 30-100 mm. for bottom 

charge which, for a rises to the length Vm, for b to 

the length % Vm from the surface of the rock. The 

example inserted proceeds from a bottom diameter 

of 50 mm. and a bench height of 3-5 m. and gives 
Vm=2:2 m., 
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This can be done with the aid of the inserted side- 
scales to a diameter between 30-100 mm. as is proved 
by the example given. With a bottom diameter 
d=50 mm., and a bench height K=2-5 m. a 
maximum burden of Vm = 2-2 m. is obtained. 


Deviation in Drilling 

The burdens and hole distances which are indicated 
in drawing a drilling pattern must be adjusted so that 
they give a reliable break at the bottom. This means 
that if a drilled hole can deviate S m. from the value 
intended because of wrong alignment and possible 
deviation inside the rock, the burden must be corrected 
to Veorr. = Vm — S. The correction values concerned 
must be estimated at every working site as the condi- 
tions vary considerably. 

When drilling with a diver it may be necessary to 
count on faulty collaring of 9-2 m. and errors in 
alignment of 5 cm. per m. or more. In drilling with 
rigid platforms the size of the error in placing depends 
on the depth to the rock face, and the mistake in 
alignment, in its turn, on where the drill happens to 
strike the rock surface. In practice a total deviation 
may be counted on here from the fixing point of the 
drilling machines to the completed bottom. It involves 
at best values of 3 cm. per m. or 0-36 m. at a depth of 
12 m. for a drilling device with good fixation, but 
usually the values are about 6 cm. per m. Values 
considerably in excess of this should not be accepted. 
The last-mentioned figure implies that at d = 40 mm. 
the burden and the distance of holes must be reduced 
from Vm = 2-1 m. to V = E = 1-4 m. at a depth of 
12 m. 

The effect of faulty drilling diminishes with an 
increasing diameter. The correction for faulty drilling 
demands overcharging which increases quadratically 
with the depth. 

Bulging | | ) 

Without Cover. In ordinary multiple-row blasting a 
certain part of the charge over and above that needed 
for loosening the rock is required to give the round 
sufficient bulging possibilities. The overcharge required 
increases linearly with the height of the bench. In hand- 
held drilling the overcharge preponderates from the 
very beginning on account of faulty drilling so that it 
has not been necessary here to allow especially for the 
bulging. 

In drilling with fixed platforms and larger diameters 
of hole it has been possible to reduce faulty drilling 
considerably, but the overcharge required for the 
bulging remains unaltered and becomes a dominating 
factor. It is of importance to realise these connections 
seeing that they decide what measures are to be taken 
to improve the result of the blasting. When it comes to 
the bulging, conditions change considerably with the 
slope of the hole. A dip that gives a direction of throw 
of 1:2 obliquely forward and upwards needs only 
half the overcharge required at 1 : 3 to provide the 
same lifting energy. The maximum practical burden 
for a hole slope of 2 : 1 is given in Fig. 1. It decreases 
at higher bench heights because a larger charge is then 
needed for the swelling of the rock. 

For breakage of the bottom portion 0-36 kg. per 
cu. m. is needed, and an additional charge to give 
sufficient bulging. This is in proportion to the bench 
height, and for the total specific charge at the bottom 

qo = 0-36 + 0-04K oo 
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Fig. 2. Maximum burden for blasting of a row of 
holes (Vm) and for multiple-row rounds having regard 
to bulging (V,) for d=50 mm. For bench heights 
greater than 3 m. the curves apply irrespective of the 
diameter, and the burden is read off on the lower 
scale 
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applies, K indicating the bench height in metres. The 
charge which is required for breakage alone is indi- 
cated by qo. 

If a certain burden for a given bench height and 
diameter of hole is obtained for an example of calcu- 
lation according to formula (1) and Fig. 2 the same 
result can be used, if we allow for the bulging, by 
increasing the diameter of the hole to ad = d/« in 
which « = qo/qo < 1. We then get from (1) 

V = adfi(K/ad;) ... 3) 
In Fig. 2 the burden is indicated as a function of the 
bench height for multiple-row rounds. With a drilling 
diameter of 50 mm. the reading can be done directly 
on the inserted main scales. The broken curve indi- 
cates the maximum burden V,, in blasting a single 
row of holes which does not require an additional 
charge for bulging. The same curve indicates the 
maximum burden at the bottom in multiple-row 
rounds, i.e., in placing the drill holes according to the 
unbroken curve, a deviation in placing and drilling 
alignment, which together do not give larger values 
than according to the broken curve, can be tolerated. 

Effect of a Covering. Let us observe a multiple-row 
round with the bench height K> 2 m. and the 
interval period 25 ms. between the rows. Here the first 
row will obviously be retarded in its forward move- 
ment by the surrounding material. Assuming an initial 
velocity of 20 m. per sec. (which corresponds to an 
energy of 50 ton m. per cu. m.) the first row will have 
moved forward half a metre at the most when the 
charges in the next row detonate. The rock in the first 
row is retarded in its movement, whereas the process 
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for the second row sets in without any effect from the 
water, which is not then between the rows. After 
moving for about 150 ms. and 3 m. the back row 
collides with the one in front. The difference in 
velocity is then only 3 m. per sec. and may be assumed 
to contribute very slightly, if at all, to better fragmenta- 
tion. After the collision both the rows continue at a 
greater velocity than that of the first row before the 
collision. Their velocity will moreover be retarded by 
only half the force per cu. m. since the mass has been 
doubled. The time between the collisions when rows 
3, 4, etc., strike the one in front will become longer and 
longer, finally cuiminating, for a heavily charged 
round with a sufficient number of rows, in an equili- 
brium which implies that water is forcing its way 
between the rows, and collisions are not necessary 
between two rows during the phase when both are in 
motion. 

If, on the other hand, the round is weakly charged 
so that the initial velocity is, say, only 5 m. per sec. 
(3 ton m. per cu. m.), row No. | will only have moved 
0-12 m. when row No. 2 begins to move. If no regard 
is made to the fact that the rock demands more room 
after breakage than in its compact state, rows 1 and 2 
will collide after 80 ms. and a length of 0-25 m. In 
relation to the distance between the masses of rock 
from rows | and 2, which is at the most 0-12 m. at the 
beginning, the increase in the volume of the rock 
cannot of course be ignored. In reality the two 
different sections of rock make contact much more 
quickly than after 80 ms. and thereafter combine in 
removing the covering. The rows which follow 
gradually contribute in the same way as the charges 
detonate. 

In the case of a round with vertical holes one of the 
conditions for bulging is the removal of a volume of 
water equal to that of the compact rock. This requires 
energy equal to pV, where p is the average pressure on 
the moving front. Supposing the efficiency of the over- 
charge to be 10%, then an overcharge of 0-1 p kg. per 
cu. m. in water and 0-1 pp kg. per cu. m. in a material 
with a density of p is required. 

For a round with sloping holes the same overcharge 
is needed only in a part of the front section, and a 
smaller overcharge for the remainder. 

It is consequently sufficient in all instances to over- 


charge 0-1 kg. per cu. m. at a depth of water of 10 m. 
(p = 1, p = 1). At a bench height of K = 1 m. and 
the reduction of the specific charge proposed under 
“Breakage’’, an increase in the specific charge from 0-4 
to 0-5 kg. per cu. m., i.e. 0-1 kg. per cu. m., is obtained 
according to (2), half of this being intended to com- 
pensate for the loss of shock-wave energy. As, in 
addition to this overcharge, the drilling extends below 
the bottom (see “Drilling pattern”), which increases 
the bottom charge by about 25%, the proposed 
reduction of the distance between the holes for under- 
water rounds should be quite sufficient to compensate 
for the effect of the water. This applies to small K 
values (or in the bottom part of a high bench), and 
therefore also in the pipe part where there is more 
room for overcharging than in the bottom part. In 
addition the value of p diminishes higher up in the 
pipe. The formula (2) which indicates the specific 
charge in the bottom will be for underwater blasting: 

Jo = 0-45 + 0-05K we Ve 
apart from the additional blasting under the bottom. 
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TABLE II.—RELATION BETWEEN SPECIFIC CHARGE AND FRAG- 





r ____ MENTATION 
Specific charge kg. per 

; = 024 030 040 0-50 
Fragmentation m.*___..._ | l 1/2 (1/2)* (1/2°5) 
Specific charge kg. per | 

Cu. M. ... a 060 O70 0-85 1-0 


Fragmentation m.* _... | __(1/3)°_ (1/4)®_ (1/5)®__ (1/6)? 

With a cover of greater density than 1, and at a 
greater depth of water than 10 m., the charge must be 
increased. 

The above description applies if the covering 
material is a liquid. For solid materials, or such as 
have a comparatively high viscosity, it may be neces- 
sary to insert charges in the covering also, at any rate 
so that a free outlet for breakage is obtained. 


Fragmentation 

With a correctly adjusted distribution of charge and 
sequence of ignition the same type of relation applies 
between fragmentation and specific charge as is given 
for short-delay blasting (see Ref. 2). A more uniform 
fragmentation can even be counted on in underwater 
blasting since the charge here can be distributed farther 
up in the pipe. On the other hand, the loss of a part of 
shock-wave energy can contribute towards less-satis- 
factory fragmentation. A figure of 20° has hitherto 
been used to adjust this. 

The largest boulders usually derive from the part 
nearest the rock face. The relation mentioned gives a 
simplified description of fragmentation achievable. 
The adjusted figures for values used in underwater 
blasting are given in Table II. Short-delay blasting with 
the burden of from | to 1-5 m. has been used as the 
basis for this table. 

In underwater blasting g 2 0-60 kg. per cu. m. 


TABLE III.—RisK OF PROJECTIONS FOR VARIOUS NUMBERS OF 
FAULTY HOLES AND OVERCHARGE (Fig. 3a) 





Faults | Overcharge °% 
“ | 0 | 50 | 100 
15 15 6 1-6 
10 10 3 0-8 
§ 5 l 02 


applies, according to the foregoing, for the bottom 
charge at bench heights over 3 m. If the specific charge 
can be increased with a given drilling pattern, without 
increasing the number of holes, this should be done in 
all instances where improved fragmentation facilitates 
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Fig. 3. Arrangement of holes with same volume of 


rock per drill hole gives different probability for 
bottom rock projection close to a “faulty hole” (No. 1) 


144 





- 
- 
ed 





te, 


- ~ 


*®ecec 


0 5 10 20 Metres 
Fig. 4. Plan of an underwater shoulder of rock to be 
blasted off to a level of 10 m. below the water surface 


removal. The drill holes should be fully utilised with 
the important proviso, however, that the risk of a 
flashover must be reduced to a minimum. Should a 
q value which gives sufficient fragmentation according 
to Table II not be achieved, then and only then must 
the more expensive procedure of increasing the number 
of holes be resorted to. 

When the fragmentation is less satisfactory than 
expected the reason probably lies in an unfavourable 
distribution of cracks and crevices in the rock, or a 
wrong sequence of ignition due to overflash. 


Effect of Faulty Holes 

The arrangement of the holes is determined by the 
maximum burden, allowance being made for breakage, 
bulging and faulty drilling. It is important to avoid 
projections of rock, and an additional margin has 
generally been allowed to compensate for the fact that 
a certain number of the holes cannot be blasted as 
intended. The reason for this may be that the holes 
have become choked in charging, that the electric 
wires have been destroyed, or that the insulation has 
been damaged. In ordinary underwater rounds it may 
mean that up to 10% of the drill holes cannot be used. 
Projections of rock cannot be tolerated to a corres- 
ponding extent, and in this case overcharging must be 
adopted. 

Example |. A portion of the round, according to 
Fig. 3a, has 10% faulty holes, one of which has been 
indicated as No. 1. EE; = 1-3Vi. The burden at the 
bottom in front of this hole cannot be torn away by 
holes 2 and 3 even with a strong overcharge. Holes 
Nos. 5, 6 and 4 in the back row, however, can give 
breakage if they have been driven 0-6V under a com- 
pleted bottom, and if they have an overcharge of 50%. 
It is assumed in this connection that these three holes 
are ignited with the same interval number so that they 
collaborate. The round as a whole must accordingly be 
overcharged by 50%, i.e. have about 50% more drill 


TABLE IV.—PERCENTAGE RISK OF PROJECTIONS WITH VARIOUS 
NUMBERS OF FAULTY HOLES AND OVERCHARGE __ 


o 














Faults Overcharge % 
% o | 5 | 3 | 1 
10 50C|StO0 | 38 =«|:~OO2 
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holes. Note, however, that there is still a chance of a 
projection if, at the same time, one of the holes 5, 6 or 
4 is faulty. For about 3% of the holes there are there- 
fore projections in spite of the overcharge. On the 
other hand, if this is increased to 100%, breakage can 
be counted on even if either hole 5 or 7 fails. For this 
example we get the relation between the risk of 
projections and overcharge according to Table III, in 
which the relation for 15 and 5% faulty holes has also 
been included. 

Example 2. With the same mass of rock and charge 
per hole as in the preceding example, but with double 
the burden, as in Fig. 3b the contribution from any 
given hole to {loosening the burden in front is only 
25%, the other 75% being given by the six adjacent 
holes. This implies that an overcharge of 33 % suffices 
for breakage. The relation between extra charge and 
risk of projections is given in Table IV. 

The example indicates that a pattern having adjacent 
holes wide apart gives the lowest frequency of projec- 
tions at the bottom when the limit charge is approached 
(the broken curve in Fig. 2). With large overcharges, 
on the other hand, the smallest number of remaining 
projections is obtained with the holes closer in the row 
but with wider rows. In both cases the mass of rock 
per hole is taken to be the same. At bench heights of 
K = 3 m., when there must be an overcharge of 30% 
for the required bulging, conditions are more favour- 
able when the holes are more densely placed. In 
allowing for faulty drilling the necessary overcharging 
in underwater blasting usually amounts to 100%. 

It is also evident that the risk of projections 
diminishes rapidly with the percentage of faults. It is 
cheaper to reduce this percentage than to increase the 
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Fig. 5. Profile A,-A, in Fig. 4 with (a) vertical holes, 
d=30 mm.; (b) slope of hole 2:1, d=30 mm.; (c) 
slope of hole 2:1, d=50 mm. 
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TABLE V. GREATEST BURDEN FOR BREAKAGE AND BULGING 
WITH DIFFERENT HOLE DIAMETERS AND BENCH HEIGHTS 
(Slope of holes 2 : 1) 








Bench height in metres 
mm. | 0-3 0-4 05 06 08 1:0 1:4 1:8 22-65] Vm 
30 10°5 06 0-7 0-8 0-9 1:0 1:2 1:3 1-3 1-5 
40 | 6 0-7 0:8 09 1-0 1-2 1-4 1-5 1-6 2-0 
50 07:09 10 11 1214 1618 20 | 25 





overcharge values to larger amounts than bulging and 
faulty drilling demand. In one case in Table IV there is 
a project risk of 3-8% at a fault percentage of 10% 
and at an overcharge of 33%. To reduce this value to 
0-2 % the overcharge can be increased to 100%, e.g. by 
increasing the hole diameter from 40 to 50 mm. with 
the same drilling pattern. But if the number of faulty 
holes can be reduced from 10% to about 3% the same 
result as regards projection risk is achieved. 

The fault percentage is due to the fact that a number 
of holes cannot be charged as they have been choked 
with stone, etc. This may be 10%, but on an average 
it is about 5 % of all drilled holes of 30 mm., and 2% of 
of 50 mm. diameter. The wires of the electric detonators 
are damaged in 5—20% of all cases. The total fault 
percentage should be reduced to below 5% (see 
following section) and, if possible, be eliminated. If 
charging, connecting and checking are carried out with 
the help of divers, it is possible to make good an 
occasional hole if the rows are more than 1-8 m. apart. 
Faulty holes can then be practically eliminated. With 
drilling diameters under 50 mm. this spacing can be 
achieved by reducing that of the holes and increasing 
the burden instead of using a quadratic placing of the 
holes. 


Drilling Pattern 

After drilling, every hole must be easily found for 
charging, connecting and checking. This means that 
the arrangement of the holes must be on the simplest of 
geometrical patterns even if this means the drilling of 
additional holes. At the same time a reduced number 
of holes facilitates control and supervision. 

In multiple-row blasting with short delays the holes 
should be placed, if possible, at a slope of 2 : 1, or at 
least 3 : 1. Relation between bench height K, burden 
V; for a bottom diameter of 30, 40 and 50 mm. is 
indicated in accordance with Figs. | and 2 in Table V. 
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Fig. 6. Drilling pattern indicating intended placing of 

holes at level for requested bottom. Left of centreline, 

holes arranged according to (a) right of centreline 
according to (c) in Fig. 5 
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TABLE VI.—DOWNWARD SLOPE OF THE BOTTOM BLASTED IN 
RELATION TO THE DIRECTION PERPENDICULAR TO THE HOLES 
WITH DIFFERENT BURDENS. 


(Vm = maximum value for loosening only) 
Burden ee Vm OTVm =—05Vm 035Vm 0-25Vm 
Slope ... ww 8: $395 327 #. Bid 


In a vertical arrangement of holes closer spacing is 
required to achieve bulging. The greatest V; values 
above are reduced by 15% to Il, 1-4 and 1-7 m. 
respectively (E; = V3). 

The holes are driven at least 0-6Vm, or 0-9, 1-2 or 1-5 
respectively under the proposed final contour. This is 
determined by the fact that with the requisite charge 
the resulting face is practically at right angles to the 
drill hole. The bottom can only be expected to be 
reached by blasting row by row to a lower level, 
employing burdens which are considerably smaller 
than the maximum for loosening the rock, and for 
which Vi» ~ 50d applies. Table VI may serve as a 
guide for the construction of the bottom face. 

To illustrate the placing of the holes according to 
Tabies V and VI an example is given in Fig. 4 of an 
underwater area which is to be blasted to a depth of 
10 m. below its water surface. A profile is drawn 
through A;—Ag and the arrangement of the holes is 
indicated for three different systems in Figs. 5a, b and c. 
A comparison between a vertical arrangement of holes 
and one with an inclination of 2: 1 for d = 30 mm. 
shows the advantage of blasting according to the 
latter alternative. The figures for the arrangement in 
Table V can be directly used, whereas with a vertical 
arrangement of holes the values must be reduced 
because of the less favourable conditions for bulging. 
The reduction amounts to 15% at a bench height of 
2 m. and increases with the bench height. 





Fig. 7. Diver descending with loader (Stockholm City 
Street Board, Underground Tramway Works) 
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Seeing that the burdens according to Table V are 
very small at low bench heights a disproportionately 
large number of the holes is called for here; this is 
most apparent if the holes are indicated on a plan as in 
Fig. 6. This disadvantage is largely eliminated if the 
holes are sloped as seen in Fig. 5b. This applies also in 
Fig. 5c supposing conditions to be the same, but with 
d = 50 mm. In this case, by blasting down to 2 m. 
under the planned bottom, not only the number of 
holes, which is the most important point in this con- 
nection, but also the number of drilling metres in the 
round, paradoxically enough, are reduced. 

In practice the arrangement of the holes is made by 
starting from Table V, but there is to be added:— 

(1) Correction for Faulty Drilling. This has not been 
done in Figs. 5 and 6, as this factor varies very much 
according to conditions. For the greater bench heights 
the deviation must not be so great that the burden 
exceeds the value Vm at the bottom. The tolerance for 
cases a, b and c is 0-3, 0-2 and 0-6 m. respectively. If 
the actual fault in drilling is greater, the V values must 
be reduced. For the lower bench heights the margin for 
erroneous drilling will become less and less, which is 
evident from a comparison between the curves V; and 
Vm in Fig. 1. 

(2) Drilling below the Bottom. To facilitate removal 
and to simplify the indications for the depth of holes, it 
is generally recommended that the bottom be blasted 
and laid 1 m. under the planned one. At the lowest 
heights of rock the bottom blasted should be laid still 
lower according to the example in Fig. Sc. 

(3) Fragmentation. When the arrangement of the 
holes is made according to Table V with correction for 
faulty drilling a reduction of the distance between the 
holes and of the burden is not generally needed to 
achieve better fragmentation. If a correction is needed, 
however, it is usually achieved with large-diameter 
holes; but if the removal is done with a dredger, an 
increase in the number of holes has to be considered. 
When removing with a grab bucket it is not desirable 
to have too much rock finely crushed. 

(4) Simplification of the Arrangement of the Holes. 
The idea of this is to improve control and supervision 
of the round. The simpler the drilling pattern the less 
correction is generally required for faulty drilling. For 
the diameter given a line is indicated on a plan draw- 
ing, inside which the burden does not increase with the 
bench height. This is the case for K = 2-2 m. in Fig. 2 
if V = 2-0 m. is considered sufficient. In such a case a 
simple square pattern with a constant burden can be 
used in the entire area K = 2-2 — 6-5 m. This area is 
extended if a smaller burden than 2-0 m. is selected as 
the limit value. By not filling out the field forward to 
the level — 19 m. in the left part of Fig. 6 we indicate 
that the pattern is inserted from behind. 


(To be continued) 


Expandite Adhesives Limited, a subsidiary Company 
within the Expandite Group, has been formed to 
manufacture and market a range of adhesives. The 
main emphasis will be on adhesives for the building, 
civil-engineering and metal-fabrication and assembly 


‘ industries, but adhesives for special applications will 


be developed as required. The Company will operate 
from office and factory premises at Birchley Street, 
St. Helens, Lancashire. 
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Fig. 1. Assembly of scrollcase and stayring for one of 12 reversible pump-turbines 


Pumped Storage — A New Power Source 


The substance of a paper read before the Empire District 
Meeting of the American Institute of Electrical Engineers, 
April-May, 1959 


By T. F. ARMBRUSTER* 


UMPED storage, as a source of power, may be ~ 


described as a storage battery which is used for 

storing peak power for use during peak-load hours. 
The battery is a “hydraulic storage battery,” using 
surplus power usually from thermal plants to store 
water power for conversion back to electrical energy 
when needed to meet peak loads on the power system. 
In addition to storing surplus power, pumped storage 
permits operating thermal plants at continuous base 
load and also adds reserve capacity to a power system. 

Many power systems of today depend upon thermal 
plants. The steam turbine-generator units used are 
becoming larger and larger. To be operated economic- 
ally, these thermal plants should be operated as base- 
load plants. Any hydro installation on such a system 
usually is carrying the peak-load requirements. With 
the rapid increased power demands, steam units may 
also be supplying a portion of the peaking require- 
ment. 

A steam unit that can be operated at base load, 
as compared to a peaking unit which is continually 
going through extreme temperature changes, will not 





* Application Engineering, Motor and Generating Department, Allis- 
Chalmers Manufacturing Company. 


WATER POWER April 1960 


‘only operate more economically but also with reduced 


maintenance. Taking into account also the coming 
atomic-electric power which must be operated at 
base load, it can be seen that there will be a great 
need for additional hydro capacity. 

Because of limited water supply and economical 
hydro sites, pumped-storage hydro-electric plants 
should be considered for many areas. 


History 

Pumped storage is not new, but dates back to 1892 
in Europe. Pumped storage in the United States dates 
back to the late 1920s. One of the first installations 
in the United States is located on the Rock River in 
Connecticut. This installation, as do most of the 
European insiallations, consists of separate turbine- 
generator units and pump-motor units. The Rock 
River installation has one 33,300 h.p. Francis turbine 
directly connected to a 30,000 kVA synchronous 
generator. The pumping equipment consists of two 
8,100 h.p. centrifugal pumps. A second installation in 
the United States consists of two separate turbines 
and three separate pumps. These units are installed 
at Lake Lamoka, New York, and operate under 400 
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ft. head. European installations may also have a 
separate centrifugal pump, hydraulic turbine and 
generator-motor all on a common shaft, with occa- 
sionally a fluid coupling to disconnect one or the 
other unit. 

One of the reasons for the small number of pumped- 
storage installations in the United States is the num- 
ber of potential hydro-electric sites which have been 
available in the United States and could be developed 
economically. A second reason is the higher cost for 
separate pumping and generating units using either a 
pump and a turbine directly connected to an electrical 
unit, or with two entirely separate installations. 

To reduce the cost of a pumped-storage plant by 
eliminating the separate units for pumping and 
generating, Allis-Chalmers has developed a reversible 
pump-turbine which may be operated either as a 
turbine or as a pump by reversing the direction of 
rotation. 

The first reversible pump-turbine installation in 
the United States was built by Allis-Chalmers for 
the Bureau of Reclamation and installed at the 
Flatiron power plant. This unit is rated at 8,500 kVA 
when generating and requires a maximum of 13,000 
h.p. when pumping. In addition to being a reversible 
pump-turbine, it was also designed to operate at two 
different speeds for pumping and generating. The unit 
may be operated at 257 r.p.m. when generating and 
at 300 r.p.m. when motoring. Both of these speeds 
are based on 60 cycles and as synchronous units. 

A second reversible pump-turbine, the largest in 
the world, was furnished for the Tennessee Valley 
Authority by Allis-Chalmers and is installed at the 
Hiwassee power plant in North Carolina. This unit 
can pump more than 4,600 cusecs against 172 ft. head. 
It has a motor rating of 102,000 h.p., making it the 
largest motor in the world. The unit, when generating, 
is capable of 70,000 KVA with the turbine operating 
at 233 ft. head. The impeller-runner is more than 22 
ft. in diameter, making it the largest Francis-type 
runner in the world. 

The 12 reversible pumped-storage units now being 
built for the Power Authority of the State of New 
York at the Tuscarora power plant will have a rating 
of 37,500 h.p. when pumping and 25,000 kVA when 
generating. These units will be installed in 1960 and 
1961. 


Site Selection 

There are two basic types of pumped-storage instal- 
lations. One type is installed only for peaking and the 
capacity of the tailwater and headwater ponds are 
only sufficient for the daily or weekly cycle of opera- 
tions. When this is a pure pumped-storage installa- 
tion, the drainage area or water source is sufficient 
only to take care of water losses due to evaporation. 
A thermal plant is conveniently nearby to supply 
power for the pumping cycle. 

A second type of pumped-storage installation pro- 
vides peaking power and also seasonal regulation, 
plus additional capacity for other normal hydro units. 
In this type of installation the headwater pond is a 
relatively large storage reservoir which may or may 
not be located on the main stream, and the tailwater 
pond is on the main stream above one or more 
hydro plants. Where the headwater storage reservoir 
is on the main stream, the off-peak pumping firms up 
the output of the main-stream hydro plants in much 
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the same manner that an increase of capacity of the 
headwater storage reservoir would do. The Tennessee 
Valley Authority Hiwassee installation is of the type 
where off-peak power is furnished by the pump-tur- 
bine unit. Since this is the only pump-turbine unit in 
a two-unit hydro plant, the remaining unit has an in- 
creased capacity due to the increased capacity of 
the storage reservoir. 


Rating Selection 
Depending upon the type of installation site as 

described above, it may be necessary to require the 
unit to draw more power from the system during the 
pumping cycle than the unit will be capable of fur- 
nishing when generating. This difference in power is 
dependent on the hydraulic characteristics of the 
installation. 

For single-speed operation, the most economical 
unit is one in which the motor and generator ratings 
are of equal kVA. For example, a unit might require 
an average of 60,000 h.p. during the pumping cycle, 
but might develop only 50,000 h.p. at full gate during 
the generating cycle. The electrical unit must be cap- 
able of carrying either load without overheating. For 
this particular example, the motor rating in kVA 
corresponding to 60,000 h.p. would be approximately 
46,630 kVA, assuming a unity power factor rating for 
the motor. 

The output when generating, assuming a 90% 
power factor, would be 39,800 kVA. In this example 
the assumption has been made that the power factor 
of 100% would be satisfactory for motor operation 
during pumping and that 90% power factor would be 
satisfactory when generating. 

Because of the possibility of additional reactive 
kVA capacity that may be required on a system, the 
generator rating can be specified as 80% power factor. 
resulting in a generator output of 44,750 kVA, nearly 
the equivalent of the motor rating. 

There are a number of other variable conditions 
which may affect the selection of suitable kVA ratings, 
such as: 

1. When the head variations are of a seasonal nature 
—the lower-head conditions which require the 
greater horsepower for pumping may occur during 
the winter months when the water for the air 
coolers is at its lowest temperatures. This would 
result in a lower ambient temperature during the 
period of greatest load, and the kVA rating could 
be selected on the base of some overload under 
these conditions. 
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Fig. 3 (a). A 24 pole, (b) 28 pole, generator, with 
respective vector diagrams 

2. If both upper and lower storage reservoirs are of 

large capacity—the hourly fluctuation in power in- 

put when pumping would be negligible. The head 

variations in such an installation would be of a 

seasonal rather than a daily or hourly variation. 
3. If the upper storage reservoir is relatively small— 

the pumping head may vary considerably during 
the daily pumping cycle with a resulting horse- 
power variation during each cycle. The greatest 
power input when pumping would probably occur 
when the reservoir is empty, and a rating should 
be selected to suit this condition. 

Since load characteristics of pumped-storage units 
will vary considerably from one installation to an- 
other, each application must be considered in detail 
on its own merits, when selecting the electrical rating 
of the unit. 


Development of Generator-Motors 

Generator-motors for reversible operation are 
generally similar in appearance and construction to 
conventional hydro-generators. In the proper speed 
and capacity ratings they may be built of the umbrella- 
type construction. Since a reversible pump-turbine 
usually has a lower runaway speed than a conven- 
tional Francis turbine, it is often possible to build 
greater-capacity units at high speeds than conven- 
tional generating units of the same speed. 

For example, it becomes difficult to design a 30,000 
kVA hydro-generator at 720 r.p.m., since the turbine 
overspeed might be as high as 100%. However. a 
reversible pump-turbine might have an overspeed in 
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the neighbourhood of 50%, which would permit 
building a generator-motor rated 30,000 kVA without 
particular difficulty. 

Reversible generator-motors require a number of 
special features not found in conventional machines. 
Since they are reversible and capable of operation in 
either direction of rotation, they require rotor fans 
capable of ventilating the machine when rotating in 
either direction. 

The Kingsbury-type thrust bearing is inherently 
capable of operating in either direction, but it is desir- 
able to provide high-pressure oil between the thrust 
bearing surfaces to minimise breakaway torque and 
facilitate starting. Oil is introduced at the centre of 
each shoe at sufficient pressure to force it between 
the bearing shoes and runner. The establishment of 
an oil film in this manner is effective to the point 
that even on a large unit the force of one man pushing 
on the rotor is sufficient to start the unit rotating. To 
ensure clean oil reaching the centre of the bearing, a 
system of strainers and filters is used as shown in Fig. 
2, of the high-pressure lubrication system. 

The guide bearings must also be designed to operate 
in either direction. Guide bearings on conventional 
hydro-generators are self-lubricated by means of 
grooves in the babbitt which slope upward with the 
direction of rotation. Reversible units require a 
second set of grooves of opposite inclination. The 
action of the shaft against the oil trapped in these 
grooves gives a viscosity pump action which effec- 
tively circulates oil through the bearing. 

To permit starting as a synchronous motor, the 
reversible generator-motor must be provided with the 
continuous or connected type pole-face winding. This 
winding is seldom used in a conventional hydro- 
generator. It must have a high thermal capacity as 
compared to conventional pole-face winding, since 
the starting duty is more severe than an ordinary 
synchronous motor. 





Fig. 4. A view of stator connections 


149 








Electrical Features 

The kVA rating of a generator-motor will usually 
be different as a generator than as a motor. These 
ratings are determined by the pump-turbine charac- 
teristics. It may be desirable to pump for a smaller 
or perhaps a greater number of hours per week than 
the unit is used for generating, depending on the 
number of hours per week and surplus thermal power 
that is available. Any pump-turbine will have a speed 
at which its output as a turbine and the power re- 
quired to drive it as a pump are approximately equal. 
However, this will usually not be a synchronous speed. 
In many cases the hours pumping time per week may 
be varied to suit the system requirements by selecting 
the most advantageous rating for the unit and still 
obtain the desired peaking capacity as a generator. 
When the kW output when generating differs from 
the kW input when pumping, the unit kVA rating 
is determined by the greater of the two kW loadings 
and the power factor for each operation. For example, 
the Hiwassee unit is rated 70,000 kVA, 85% power 
factor as a generator and 82,500 kVA, 95% power 
factor as a motor. The Tuscarora units will be rated 
at 25,000 kVA, 80% power factor as generators and 
28.800 kVA, 100% power factor as motors. 

The reversible generator-motors may sometimes 
have a different voltage rating as a motor than as a 
generator, depending upon system conditions. The 
Hiwassee unit is rated 13,800 V as a generator and 
13,500 V as a motor. The Tuscarora units will be 
rated 13,800 V as generators and 13,200 V as motors. 

This difference is caused by the voltage drop 
through the system impedance which is in a different 
direction when pumping than when generating. Units 
which have a higher rating as generators than as 
motors may be operated overexcited when pumping, 
thereby assisting and maintaining system voltage at 
the pumped-storage plant and minimising the differ- 
ence in rated volts between generator and motor 
operation. 


Two-Speed Operation 

There are instances where the head variation for a 
particular installation will make two-speed operation 
attractive. In the case of large seasonal head varia- 
tions, turbine efficiency and output will usually be 
considerably lower under low head conditions than 
for normal head operation. If, however, the speed of 
the unit can be dropped to a value giving best hy- 
draulic performance for the lower head, overall effi- 
ciency will be appreciably improved. This improve- 
ment may be sufficient to justify the increased cost of 
a two-speed unit. 

Two-speed operation proved to be economical at 
the Flatiron power plant of the Bureau of Reclama- 
tion only because of the very great variation in head. 
During the year the head may vary between 200 and 
300 ft., and the gain in efficiency and capacity obtained 
with two-speed operation was sufficient to justify the 
additional expense. 

Two-speed operation of synchronous machines may 
be obtained within certain limits by utilising a single 
reconnectable rotor winding and two separate stator 
windings which utilise the same stator slots. For 
example, one winding can be designed for 24 pole, 
300 r.p.m. operation; the other for 28 pole, 257 r.p.m. 
operation. The rotor would have 24 salient poles uni- 
formly spaced. 
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This method of obtaining two-speed operation of 
synchronous machines is outlined in Fig. 3a and b. 
The upper half of Fig. 3a shows the arrangement for 
a 24 pole stator winding, 300 r.p.m. operation, and the 
upper half of Fig. 3b shows the 28 pole stator wind- 
ing, 257 r.p.m. operation. In both figures a 24 pole 
rotor is shown. Only one-fourth of the rotor and stator 
windings are shown. The stator windings are shown 
for only one phase, each coil shown representing a 
coil group. 

For the 24 pole connection, the machine operates 
as an ordinary 24 pole unit having 24 salient poles and 
a Stator winding normal for a 24 pole machine. For 
28 pole operation, the rotor field coils are reconnected. 
The 24 physical poles are divided into groups of six 
poles per group, and the polarity of all poles in the 
second and fourth groups is reversed. Connections 
are brought out from the rotor winding to five collec- 
tor rings to permit this regrouping which may be 
accomplished with an external double-throw switch. 

The stator winding used for 28 pole operation is 
normal for a 28 pole machine with coil groups sym- 
metrically spaced in the stator slots. 

When the machine is operated as a 24 pole genera- 
tor, the voltages generated in the coil groups are all 
in phase with each other and may be added vectorially 
in a straight line, as shown in Fig. 3a, to obtain the 
total generated voltage. 

For 28 pole operation, the pole pitch of the stator 
winding differs from the rotor pole pitch. Fig. 3b 
shows that there are seven groups of stator coils 
occupying the same physical space as six field coils. 
As a result of this difference, the voltages generated 
in the individual coil sides are not in phase with each 
other and must be added vectorially, as shown, to 
obtain the total generated voltage. 

Since the first group of six rotor poles covers a span 
of seven stator coil groups, the first and eighth coil 
group voltages are 180° out of phase. Consequently, 
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the polarity of the next group of six rotor poles must 
be reversed in order to obtain proper operation. With- 
out this reversal of rotor-pole polarity, the voltages 
induced in the second group of seven stator coil 
groups would be 180° out of phase with those of the 
first group, and the total voltage generated will be- 
come zero. For example. the voltage generated in coil 
sides numbered one and eight in Fig. 3b are in phase 
with each other and are equal in volume. Without 
the polarity reversal of the second group of field poles, 
the voltage generated in coil side eight would be dis- 
placed 180°, as shown by vector 8a, and would be 
equal and opposite to the voltage of coil side one, so 
that the two would add vectorially to zero. 

Thus, by reversal of polarity of the rotor pole 
groups and the use of a second stator winding, opera- 
tion at a second synchronous speed may be obtained. 
However, not all speed combinations are feasible. 

Obviously, for 28 pole operation the machine’s 
magnetic circuit is not used efficiently; therefore, to 
produce a given kVA with this arrangement requires 
a machine larger in physical size than normal. The 
stator must carry two independent windings, one for 
each speed, as shown in Fig. 4. 


Motor-Starting Methods 

The simplest starting method for a generator-motor 
when pumping is full-voltage or across-the-line start- 
ing. The kVA required for full-voltage starting will 
vary with size and speed of the unit, but usually will 
be in the neighbourhood of 250 to 350% of rated 
kVA. It is therefore evident that for large units some 
other method would be desirable. 

Reduced-voltage starting permits the starting of 
large units with considerably less system disturbance 
than with full-voltage starting. This method is used 
for starting the Hiwassee unit. The starting voltage is 
taken from a mid-tap of the transformer delta-con- 
nected secondary with 50% starting voltage. Approxi- 
mately 35,000 KVA is drawn from this system whe 
starting. This is about 50% of the rated kVA of the 
machine as a generator. 

For reduced-voltage starting, the starting voltage re- 
quired will vary somewhat with the size and speed of 
the unit but will be in the range of 50 to 65% of rated 
voltage, resulting in a starting kVA of 50 to 80% of 
rated kVA. Units of relatively low speed will have 
pump-turbine runners of large diameter, resulting in 
higher windage losses. The Wk’ of the generator- 
motors will also be high. Therefore, for the same 
starting time the kVA required for starting a slow- 
speed unit will be somewhat higher than for a higher- 
speed unit of the same kVA rating. A starting time 
of about two minutes is normal for this method of 
starting. The Hiwassee unit comes up to speed in 
about 110 sec., and the field is applied at reduced 
voltage to pull the motor into synchronism, after 
which transfer is made to full voltage. 

For large-capacity units in the range of 100,000 to 
150,000 kW reduced-voltage starting may result in 
a system disturbance greater than permissible on the 
particular system. In such cases synchronous starting 
may be used where there are several reversible pump- 
turbines in a single plant. Synchronous starting is 
accomplished by tying two units together electrically 
at standstill, applying field current to both units and 
then starting one unit as a generating unit. The other 
unit will come up to speed in synchronism with the 
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starting unit while operating as a motor. Both units 
may then be synchronised with the system and the 
pump unit loaded by admitting water to the pump 
and opening its wicket gates or discharge valve. The 
unit used as a starting unit is then taken off the line 
and may be used to start a second unit for pumping. 
This procedure permits starting all but the last unit 
in this manner. 

There are two methods by which the last unit may 
be started for pumping. If all of the units in the plant 
are connected to a common low-voltage bus, the 
operating units may be temporarily overexcited while 
the unit is being started on reduced voltage. A large 
part of the reactive kVA required by the last unit 
will then be furnished by the overexcited operating 
units, and the shock to the system will be reduced 
correspondingly. 

If the several units are connected to a high-voltage 
bus through individual transformers, the benefit from 
overexcitation of the operating units will be small, 
since the reactance between the units connected to- 
gether through transformers will be high compared 
to the reactance between individual units and the 
system, and a large part of the kVA required when 
starting the last unit will be taken from the system. 

The starting of the last unit may also be accom- 
plished by installing a small non-reversible generating 
unit having only sufficient capacity to start one of the 
large units by means of synchronous starting. Such 
a unit would have a rating of about 15 to 20% of 
one of the large units but would have special design 
characteristics, such as high short-circuit ratio and 
low reactance, to make it suitable for such use. While 
the addition of a small starting unit will increase the 
plant cost, it will also be available for use as a peak- 
load generating unit. Since the cost of the necessary 
real estate, dams, access roads, etc., is not affected by 
the addition of this smal! unit, the cost of the plant 
per kW of peaking capacity will be about the same 
with the small unit as without it. 

In connection with a proposed pumped-storage 
plant involving units in the range of 175,000 kW to 
200,000 kW a study was recently made as to the use 
of synchronous starting of a pumped-storage unit from 
a generator in a remote plant. Very little technical 
information is available on this subject and the study 
made indicated that the resistance of the line and 
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transformers was the critical consideration. For the 
system under study, investigation revealed that the 
units could be started in this manner. To obtain some 
actual operating information, some tests were made 
on an existing hydro installation. 


In order to simulate the expected conditions, one 
25,000 kVA unit was tied in at standstill through a 
transmission line loop approximately 100 miles long 
to a similar unit in the same power house, as shown 
in Fig. 5. Both units have non-continuous pole-face 
windings. A series of tests confirmed the calculations 
made and showed that such a starting method is 
practical provided the circuit resistance is not too 
great. The system reactance is of no particular influ- 
ence, since during the critical period of breakaway the 
generated frequency is so low that the current flowing 
between the units may be considered as almost a 
direct current. 


Tuscarora Generator-Motors 


The Tuscarora power plant of the Niagara Power 
Project will consist of 12 generator-motors directly 
connected te 12 hydraulic pump-turbines (Fig. 1). The 
electrical machines are rated 37,500 h.p. as motors 
and 25,000 kVA as generators, operating at 112-5 
r.p.m. for both conditions. The unit. when generating, 
is capable of operating at 80% power factor and when 
motoring will operate at unity power factor. The 
pump-turbines are rated to discharge 3.400 cusecs 


Italian Water Power in 1958 


According to the annual report on the Italian 
electrical industry recently published by ANIDEL 
(National Association of Electric Power Generating 
and Distributing Companies), the total generating 
capacity (spare machinery excluded) operating in 
Italy at the end of 1958 was 13,750,053 kW, with an 
increase of over 1,000,000 kW on the capacity in 1957. 
Other plants with a total of 3,250,000 kW were under 
construction at the same date. As to the various sour- 
ces of energy, the generating capacity (spare machinery 
excluded) of hydraulic plants was 10,475,000 kW, 
with an increase of 5-4% as compared with the 1957 
level; the capacity of thermo-electric plants was 
2,981,000 kW with an increase of 20-98%; the capa- 
city of geothermo-electric plants was 293,000 kW, 
with an increase of 10-57%. 

Over 45,500 million kWh were generated by Italian 
plants in 1958, of which 36,000 million kWh were 
generated by hydro-electric plants, 7,600 million kWh 
by thermo-electric plants, and 1,900 million kWh by 
geothermo-electric plants. The total increase in output 
as compared with 1957 was 647%, which corres- 
ponds approximately to the average increase during 
the last seven years. Of this increase, 12:89% was 
due to hydro-electric production and 648% to geo- 
thermo-electric output. On the other hand, thermo- 
electric production showed a decrease of 16%. The 
high increase in hydro-electric production is due to 
the fact that 1958 was a favourable year from the 
hydrological point of view. Italy remains the country 
with the highest hydro output in Europe—European 
U.S.S.R. included—largely overpassing France, Swit- 
zerland, Austria and the Scandinavian countries. 
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at 83 ft. net head as pumps and to develop 28,000 
h.p. at 75 ft. net head as turbines. 

The starting method for the Tuscarora generator- 
motors when pumping will be full-voltage or across- 
the-line starting. This is possible because of the 
moderate size of the units and because of the large 
system to which they are connected. The torque and 
current characteristics of these units are shown in 
Fig. 6. The maximum torque during the starting period 
is 68% of rated torque, at about 87% of synchronous 
speed. With these characteristics the units will acceler- 
ate to synchronous speed in about 17 sec. 

The units will have the mechanical characteristics 
much as described in this article and will have a high- 
pressure lubrication system on the thrust bearing as 
illustrated in Fig. 2. 

The units are of umbrella-type construction, with 
the thrust bearing and the single guide bearing both 
located below the rotor. The generator rotor is keyed 
to the top of the thrust block, which is an integral 
part of the unit shaft. This arrangement requires mini- 
mum time for assembly or disassembly of the equip- 
ment. 

Ventilation of the equipment is accomplished by 
fans on the rotor suitable for operation in either direc- 
tion of rotation. The ventilating air flows through the 
stator, through the air coolers and back into the rotor. 
The exciter is ventilated by means of fans on the 
exciter. The exciter ventilating air is taken from the 
generator ventilating air. 





The consumption of electric power in Italy in 1958 
was, therefore, 907 kWh per head of population. Over 
75% of the total output was produced in North Italy, 
the consumption in this area being around 1,400 kWh 
per head of population, a rate equal or nearly equal 
to those in the main European industrial areas. 

With regard to water storage, the storage capacity 
was 3,820 million cu. m., with an increase of 3% over 
1957. The development of the 220 and 150 kW net- 
work reached 26,818 km., with an increase of 
about 5%. 

Among the main hydro plants newly put into opera- 
tion we may mention the Quart plant of the Societa 
Idroelettrica Piemonte in Val d'Aosta with an in- 
stalled capacity of 40,000 kW; the Valpelline plant of 
the Consorzio Elettrico Buthier with a capacity of 
120,000 kW, also in Val d’Aosta; the Boazzo plant of 
the Societa Elettrica Alto Chiese, in Trentino region; 
the Brunico plant of the Societa Idroelettrica Atesina 
with a capacity of 34,000 kW; and the S. Angelo plant, 
in the Abruzzi region, with a capacity of 58,000 MW. 

It may be added that the first six months of 1959 
showed remarkable progress both in installed capacity 
and in production. Production was expected to reach 
a figure around 50,000 million kWh at the end of 
1959, and a figure of 60,000 million at the end of 
1960. 

The latter figure had been proposed, in the forecasts 
made in Italy in the last few years, as a goal to be 
attained in 1960. Actually, the figure was regarded 
as sufficient to meet the requirements of the country 
till 1960, with an adequate margin for covering pos- 
sible unfavourable hydrological developments. Today, 
it can be expected that this figure will be even ex- 
ceeded. 
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Fig. 1. Kannuskoski station and dam 


A Tubular-Turbine Installation 


A small semi-automatic tubular-turbine installation at 
Kannuskoski in Finland marks a further stage in the 
development of this type of machine 


NE of the most interesting advances in the field 

of water turbines within recent years has been 

that of the tubular turbine. This type of machine 
has had a profound effect on the economics of low- 
head developments, particularly for small powers, on 
account of the important savings that can be effected 
in the civil-engineering works, quite apart from its 
good performance because of the favourable shape of 
the hydraulic circuit. It is the tubular turbine, too, 
which is bringing tidal power into the realm of prac- 
tical politics, for the development in France of a tubu- 
lar reversible pump/turbine has produced a machine 
which not only has the required operating characteris- 
tics but has transformed the economics of the 
problem. 

Numerous designs of tubular turbines have been 
evolved in Switzerland, Germany, France and Italy, 
to say nothing of other countries, but probably the 
latest addition to available designs has been con- 
tributed by Finland and comes from the Tampella 
Engineering Works, Tampere. We had the opportun- 
ity of studying the many interesting features of this 
design when we visited a small power station at Kan- 
nuskoski in south-east Finland, owned by Etela- 
Suomen Voima Oy (Sydfinska Kraft Ab). This is an 
induction-generator installation, to have an ultimate 
capacity of 400 kW, and normally runs unattended, 
any emergency being indicated in an attendant’s 
house some 200 m. away. 

The plant is located on the site of an old water tur- 
bine, installed in 1880 to provide power for a wood 
grinding mill, so that the dam and gates were already 
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in existence. The dam consists of wood piling backed 
with stonefill, and furnishes a head of 4:6 m. It is 
proposed, however, to replace this eventually by an 
earth embankment which will increase the head to 
6:75 m. Two hand-operated wooden sluice gates, each 
2:5 m. wide, are available to pass flood water. The 
turbine intakes are protected by trashracks, and 
grooves are provided for stoplogs. A log chute is 
also available. 


The Tampella Tubular Turbine 

Various views of the generating set accompany this 
article, and a section through the plant is given in 
Fig. 2. To enable the turbine shaft to be brought out 
to drive an external generator, the tube has been made 
elbow-shaped, the turbine runner being situated 
downstream of the elbow. It was ascertained by test 
that to have placed the runner upstream of the elbow 
would have had a detrimental effect on the hydraulic 
conditions in the draft-tube section of the conduit. 
The arrangement adopted involves the use of an in- 
clined shaft, but in the size of installation concerned 
this offers no practical difficulty. 

This layout presents a number of advantages, one 
of the most important being the small amount of civil- 
engineering work involved in the installation. This 
will be obvious from the section Fig. 2, and it is 
claimed, in fact, that the cost of the civil works is only 
one half of that required for a vertical Kaplan 
machine for the same head and output. Further, the 
turbine consists of a few simple fabricated sections, 
extending from inlet to draft tube. This unit construc- 


153 




















Fig. 2. Section through the Tampella tubular turbine at Kannuskoski 


tion not only facilitates manufacture but also greatly 
simplifies the work of installation and correspondingly 
reduces its cost. Thus the inlet tube, the guide wheel 
and the runner chamber are assembled at the works, 
and the shaft and runner placed in position, after 
which the assembly is shipped and installed as a single 
unit. This assembly also forms a rigid mounting base 
for the thrust bearing and generator. 

The Kannuskoski turbine develops 310 h.p. at 250 
r.p.m., under its present head of 4:6 m., the corres- 
ponding discharge being 5-8 cu. m. per second, but 
when the head is raised to 6°75 m. the machine will 
develop 353 h.p. at 300 r.p.m. and at a discharge of 
6-8 cu. m. per second. 

Incoming water is admitted through a_ hand- 
operated butterfly valve, passes round the bend 
through a nest of deflecting vanes, and is directed to 
the runner by a set of stationary guide vanes arranged 
in a “wheel” the hub of which carries the lower guide 
bearing, which is in the form of a rubber sleeve. The 
runner is of the Kaplan type; it has four blades and is 
1.300 mm. in diameter. At the upper end of the shaft 
is a combined thrust and upper guide bearing, com- 
prising a tapered-roller thrust element and a double 
spherical-roller guide race. 

The servomotor operating the runner blades is 
located in the runner hub, and its valve is actuated by 
a spindle passing down through the hollow turbine 
shaft and moved by a small piston in a control unit 
at the upper end of the shaft. In the unlikely event of 
the spindle seizing up, a limit switch comes into 
action to sound an alarm in the attendant’s house. 

A common oil supply for the bearings and for the 
servomotor is provided by a pump gear-driven from 
the turbine shaft, surplus oil being spilled back to the 
oil storage tank through an overflow valve. Loss of 
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oil level in this tank, which is formed by the genera- 
tor mounting structure, sounds an alarm in the 
attendant’s house. 

The generator is bolted to the mounting structure 
already mentioned, and is driven by belt at 750 r.p.m. 
When the head on the turbine is raised, involving an 
increase in turbine speed from 250 to 300 r.p.m., it 





Fig. 3. Model of Kannuskoski turbine on test 
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Fig. 4. The turbine assembly ready for shipment 


will be simple to replace the pulley on the generator 
shaft by a larger one of the appropriate diameter. 





Fig. 5. The turbine assembly entering the station 
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Control and Safety Arrangements 

The use of an induction generator makes it possible 
for the control and safety arrangements to be very 
simple and yet to afford such adequate protection that 
the set can normally be left unattended. Essential 
alarms are placed in the attendant’s house. 

With this type of generator no speed governor is 
needed, but an electrical tachometer, gear-driven 
from the turbine shaft, provides an indication for ad- 
justing the speed before closing the main circuit 
breaker, and trips out the machine if the speed rises 
by 50%, simultaneously sounding an alarm in the 
attendant’s house. The runaway speed of the turbine 
under the present head is 590 r.p.m. but the machine 
is designed for a permanent runaway speed, under 
the increased head, of 710 r.p.m., the generator, of 
course, being designed to correspond. 

The control unit at the head of the turbine shaft is 
provided with a hand control to adjust the normal- 
speed no-load position of the blades, and also with a 
load limiter to determine their maximum opening. A 
solenoid, actuated by a contact on the main circuit 
breaker, brings the load limiter into action when the 
breaker is closed. 

The load limiter can be adjusted either by hand or 
by a float. The float control is used when it is desired 
to economise water at times of low flow, and consists 
of a float in a well communicating with the headwater, 
the float being connected to the load limiter by a 
Bowden cable. This cable is attached to the float 
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Fig. 6. Pit-type tubular turbine for Siikakoski 


through the intermediary of an adjustable link by 
means of which the degree of response to the float 
movement can be set. 

A starting valve, mechanically interlinked with the 
butterfly-valve spindle and also movable by hand, is 
also incorporated in the control unit. When this valve 
is opened the runner blades move to the fully open 
position ready for starting. 

Starting is effected by opening the butterfly valve 
by means of its crank handle. As the turbine gathers 
speed, the oil pump begins to deliver oil to the runner 
servomotor, bringing the blades back to the normal- 
speed no-load position. The main circuit breaker is 
now closed, whereupon the solenoid in the control 
head is energised and allows the blades to open to 
the position determined by the load limiter. Should 
the circuit breaker be tripped, either by hand or by 
any safety device, the solenoid is de-energised and the 
blades return to the normal-speed no-load position. 
To shut down the turbine the butterfly valve is closed, 
during which operation the mechanical connection on 
the valve spindle opens the starting valve so that the 
runner blades open ready for the next starting 
sequence. 


Electrical Equipment 

The whole of the electrical equipment was supplied 
under the one contract by Tampella Engineering 
Works, but it was actually manufactured by Oy 
Strémberg Ab, Helsinki, acting as subcontractors. 

The generator is rated at 400 kW at 380 V—a rat- 
ing which takes into account the eventual raising of 
the output from the turbine. A simple cubicle-type 
switchboard containing a hand-operated air circuit 
breaker and the appropriate instruments connects the 
generator with a 400/21,000 V transformer feeding 
the 20 kV public-supply lines, to which it is per- 
manently connected. A 160 kVAr static condenser 
raises the power factor to 0:85 when the generator is 
on full load. A 220 V lighting supply is tapped off 
from the transformer. 
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Electrical safeguards include overcurrent, over- 
voltage, undervoltage, reverse power, and earth pro- 
tection, the last-named being applied to both the high- 
voltage and low-voltage sides of the transformer. 


Larger Installations 

Tubular turbines of the design described are avail- 
able from Tampella Engineering Works in six sizes, 
with runner diameters ranging from 500 to 1,600 mm., 
for heads up to 15 m. and for capacities up to 1.200 
kW. In view of the unit type of construction it is pos- 
sible, and indeed convenient, for Tampella to sup- 
ply the complete installation, including all the 





Fig. 7. The generator mounting at Kannuskoski 
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electrical plant when this embodies an induction 
generator. 

For larger sizes this design becomes less suitable, 
and a pit-type design is preferred. As an example of 
this type of installation we reproduce in Fig. 6 a sec- 
tion through one of two machines now under con- 
struction for Siikakoski power station. Each turbine 
develops 1,380 h.p. at 105 r.p.m. under a head of 3-4 
m.. and has a runner diameter of 2,800 mm. Both 
machines have adjustable guide vanes, and one 
machine has a Kaplan runner whereas the other has 
a fixed-blade propeller runner. The generators run at 
1,000 r.p.m. and each is connected to its turbine 
through an epicyclic gear. This gear incorporates a 
disconnecting coupling which comes into action in the 





Book Reviews 


Open-Channel Hydraulics. By Ven Te Chow. Pub- 
lished by McGraw-Hill Book Company, Inc., New 
York, and distributed in Great Britain by McGraw- 
Hill Publishing Co. Ltd., McGraw-Hill House, 95 
Farringdon Street, London, E.C.4. 1959. 680 pp.. 
including indexes. 282 ff. Price $17; £6 12s. Od. 

Open-channel hydraulics is one of the most fasci- 
nating branches of fluid mechanics, one of the most 
difficult and certainly the oldest from a _ historical 
standpoint, for fluid mechanics began with Egyptian, 
Assyrian and Roman irrigation canals. Leonardo da 
Vinci and, a hundred years later, Galileo, were the early 
pioneers in this field, leading to our present approach 
to the theory of flow in open channels, initiated by 
Belanger, Bresse and Boussinesq, three authors who 
are often mentioned in Prof. Chow’s book. while 
Boss (1919), Bakhmeteff (1932), Jaeger (1949) and 
Hunter Rouse (1950) laid the foundation of the 
modern theories. Prof. Chow’s book is based on first- 
hand knowledge of the aforementioned publications, 
theses and treatises, to which he adds the bulk of 
American (mainly from the Bureau of Reclamation), 
Russian and Chinese publications (many of the latter 
printed in the United States). In much of his subject 
matter he follows Jaeger’s “Engineering Fluid 
Mechanics,” but as befits a specialised treatise, Prof. 
Chow’s book devotes 680 pages to a subject occupying 
190 pages of Dr. Jaeger’s book and 270 pages of 
Hunter Rouse’s “Engineering Hydraulics.” This 
enumeration of Prof. Chow’s main sources of infor- 
mation indicates his approach to the subject. 

In the preface to his treatise, Prof. Chow writes 
correctly: “In a science which has reached so advanced 
a state of development, a large portion of the work 
is necessarily one of co-ordination of existing con- 
tributions.” Throughout the text, the author has 
endeavoured to make specific acknowledgments re- 
garding the source of material employed. Hence the 
author has not only skilfully co-ordinated the material 
from diverse sources but has made the correct choice, 
including only the essential facts and theories in his 
account. 

Part I deals with basic principles and types of flow. 
The Reynolds number and the Froude number, and 
the four coefficients for uneven velocity distribution 
(energy and momentum) and for non-hydrostatic 
pressure distribution are introduced. The theorem of 
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event of an overspeed and prevents the generator 
speed from rising. It is thus possible to reduce the 
cost of the generator as it does not need to be 
designed for the turbine overspeed. 


Conclusion 

That a Finnish firm should undertake the design 
and manufacture of tubular turbines is very under- 
standable, for Finland’s water-power resources are 
essentially of the low-head variety, and many of the 
smaller streams could not be harnessed economically 
prior to the advent of the low-cost tubular-turbine 
power station. Such plants should also be a worth- 
while proposition in other countries where similar 
conditions obtain. 





Jaeger (1946) on the simultaneous extremum values 
for energy, total momentum and discharge is men- 
tioned but not demonstrated (p. 55). A more detailed 
account of this theorem is to be found in the handbook 
by Etienne Crausse (1951) and some specialised 
teachers think it should be introduced in the ordinary 
curriculum of undergraduate studies. Prof. Chow 
thinks otherwise, but in doing so, he omits to introduce 
the “e coefficient” defining the dispersion of energy 
in stream flow. More recently, a thesis by Schréder, 
Berlin Technical University, has shown this “energy 
dispersion factor «” to be intimately related to the 
energy losses in uniform and non-uniform flow in 
open channels and closed pipes. 

Part II on uniform flow is mainly based on the use 
of the Manning formula. Every reader will be pleased 
with the extensive table giving Manning’s coefficient 
for all types of canals and rivers (pp. 109-113) and 
the subsequent discussion of the formula. Table 7-4 
(p. 181), on losses in grassed channels, is also welcome 
for design purposes. 

In Part III, on gradually varied flow, several methods 
for the computation of flow profiles are discussed. 
In the main, Prof. Chow follows the method de- 
veloped by Prof. Bakhmeieff and in Appendices D and 
E gives extensive tables for the flow functions, calcu- 
lated by himself and by Mr. H. H. Chu (Department 
of Public Works, City of Chicago). Chapter 9 (Part 
IIT) deals extensively with the theory and analysis of 
gradually varied flow (pp. 217-248) including chan- 
nels and the free flow in closed pipes. The reader will 
consult with interest Figs. 9-4, 9-5 and 9-6 giving 
typical examples of gradually varied flow. (A small 
error occurs in Fig. 9-8: the critical control section in 
“subcritical flow over a broad crested weir” does not 
occur at the end of the weir but somewhat upstream 
as shown by experimental results and by the combined 
theories of energy and momentum.) Paragraph 9-6 
(Part III) deals with the “Method of Singular Point” 
and in particular with some most interesting results 
by Massé (shown in Fig. 9-9 and 9-11). The following 
paragraph 10 on methods of computations is well 
worth a closer study. Chapter 12 is on spatially varied 
flow and owes much to Hinds, Camp, Li, Favre and 
de Marchi who have previously dealt with this aspect 
of flow. Some more precise hints as to Boussinesq’s 
approach to gradually varied flow would have en- 
hanced the interest of some of the four chapters in 
Part III. 

Part IV is on rapidly varied flow, dealing with flow 
over spillways, hydraulic jumps, flow in channels of 
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non-linear alignment and flow through non-prismatic 
channel sections. Theoretical results by various 
authors are supplemented by a wealth of test results. 

Part V on unsteady flow is divided into two main 
chapters: chapter 18 deals with gradually varied un- 
steady flow, chapter 19 with rapidly varied unsteady 
flow. On page 535 the author mentions the graphical 
method of Craya, without developing it. The last 
chapter of the book is on flood routing. Extensive 
bibliographical notes, a comprehensive name index 
and a subject index complete this extremely com- 
mendable treatise, equally valuable to students and 
to practising engineers. 

In the introduction the author indicates that the 
book is “designed as a textbook for both under- 
graduate and graduate students . . .” The undergradu- 
ate syllabus in Great Britain and in the Common- 
wealth is not so extensive in the field of flow in open 
channels and the trend is to include a chapter on 
compressible flow and sometimes one on thermo- 
dynamics. This should not exclude some more detailed 
chapters on flow in open channels, which is often 
dealt with by over-simplified methods. The publica- 
tion of Prof. Ven Te Chow’s book may provide the 
opportunity to revise some of our syllabuses. 


The Structural Use of Prestressed Concrete in Build- 
ings, CP 115: 1959. British Standards Institution, 2 
Park Street, London, W.1., Price 8s. 6d. net. 

This Code deals with the structural use of pre- 
stressed concrete in buildings and covers the work 
carried out on site and on the manufacture of pre- 
cast and prestressed concrete units. It has been 
assumed that the design of prestressed concrete is 
entrusted to civil or structural engineers experienced 
in the uses of this concrete and that the work is 
executed under the supervision of a competent 
supervisor who is familiar with the operations in- 
volved. The recommendations given in this Code 
may often be applicable, after suitable modifica- 
tions, to the design and construction of structures 
other than buildings. They may also be applied for 
prestressing non-concrete members including com- 
posite materials provided that their different pro- 
perties are taken into account. 


Applied Hydrodynamics. H. R. Vallentine. Butter- 
worths Scientific Publications, 4 and 5 Bell Yard, 
London, W.C.2. pp. 272. Price 50s. net. 

The science of fluid mechanics has advanced con- 
siderably over the last few decades so that scientists 
and engineers of today are able to predict the beha- 
viour of fluids with far greater accuracy than before. 
The basic principles of classical hydrodynamics, 
which were neglected as impractical, have been 
shown to be usefully applicable, within defined 
limits, to many flow problems. This book serves to 
introduce the field of applied hydrodynamics from 
its basic principles, outlining the fundamental 
formulae and their derivations, with brief summaries, 
to their uses and their limitations. Though the sub- 
ject of hydrodynamics is usually handled as a 
mathematical treatise, an effort has been made by 
the author towards the practical applications in this 
field. 

Chapter | is devoted to initiating the reader to the 
ideal fluid, its properties and two-dimensional flow 
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patterns. Differential equations are used to derive 
the formulae, and partial derivatives are used to 
establish the continuity equation in three-dimen- 
sional flow. Physical explanations poriray the con- 
cepts of stream function and potential function, and 
the relationship between stream function to velocity 
of flow in two dimensions is expressed in the easier 
form of polar co-ordinates. 

Chapter 2 deals with the flow of a real fluid and 
introduces turbulent, laminar and viscous flows, the 
equations of Navier-Stokes, Karman-Prandtl, Ber- 
noulli and Reynold’s numbers, and the boundary 
layer. 

Chapter 3 gives three approximate methods of 
approach to determine the pattern of irrotational 
flow for a given set of boundary conditions; the 
graphical, the numerical and the experimental 
analogy—with special attention to the first two. 
Though a mathematical approach can produce the 
results and has the advantage of generality with re- 
gard to the application of its solutions, it suffers from 
the disadvantage of severe complexity in all but the 
simplest cases. The approximate methods are very 
well described in this chapter and are accurate 
enough for practical purposes. They cover the uses 
of flow neis for seepage, percolation and uplift in 
dams, for flows over weirs and through sluices, grid 
relaxation methods for numerical anaiysis, followed 
by membrane, electrical and viscous flow analogies. 

In another method, the required pattern of flow is 
developed by the combination of simple standard 
patterns mathematically and this is dealt with in 
Chapter 5. The stream and potential functions are 
established in polar or Cartesian co-ordinates from 
first principles for four elementary two-dimensional 
irrotational patterns, viz. uniform flow, a source, 2 
vortex and a doublet, and consideration is given to 
combinations of practical interest such as, a source 
and a sink, vortex pair, spiral vortex, flow past a ha'f- 
body, flow past a cylinder, flow past a cylinder with 
circulation and flow past a Rankive body. This 
approach yields reliable quantitative solutions to a 
number of problems in which the flow pattern can 
be represented approximately by a combination of 
standard patterns. But a mastery of this approach 
will assist in the understanding of the methods in the 
next two chapters. 

Chapters 5 and 6 are on conformal transforma- 
tions. This method is carefully introduced by first 
showing the value of, and operations by, comovlex 
numbers and the functions of the complex variable, 
clarified with several examples. Then is shown its 
powerful analytical properties of determining two- 
dimensional patterns of irrotat onal flow which greatly 
extend the range of boundary forms to embody the 
potential and stream functions in a single expression. 

Having established equations for two-dimensional 
flows in the preceding chapter, Chapter 7 deals with 
modifications to the equations as applied to three- 
dimensional flows. The flow is considered to be irro- 
tational and is restricted to being anisosymmetric. The 
method of solution used is that of spherical har- 
monics which is the most important of the available 
methods. 

There are three appendices at the end of the book. 
one on the theorems of Green, Stokes, Cauchy & 
Blasius, with their proofs; the other contains a use- 
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ful summary of exponential, trignometric and hyper- 
bolic functions; and the third lists the hydrodynamic 
equations for incompressible non-viscous flows. 

[he book is based on the author’s lectures in 
hydrodynamics in the University of New South 
Wales, Australia, and this is evident by the insertion 
of suitable examples and problems in specific sec- 
tions, while each chapter has its own references in- 
dicating the numerous sources from which the 
author has drawn material. The subject is on irrota- 
tional flow throughout except for that part on forced 
vortices, and compressible flow is not mentioned. 
As far as the design engineer is concerned the book 
confines itself to basic mathematical principles; 
beyond this, the book is intended for use in the 
universities for students of applied mathematics or 
fluid dynamics. It can also be useful for post-graduate 
students of civil, mechanical or aeronautical engineer- 
ing who should be very adept with mathematical 
symbols and interpretations. 


Rules for the Short-Circuit Testing of Circuit 
Breakers and Automatic Switches in Combination 
with Electric Fuses and Fuse Links. ASTA No. 22: 
1959, By the Association of Short-Circuit Testing 
Authorities (Inc.), 36 Kingsway, London, W.C.2. 
Price 10s. 

Since the last ASTA publication No. 9 on short- 
circuit testing which appeared in November 1950, 
there has been an increase in the variety of switch- 
ing equipments which operate in series with fuses 
or fuse links. In these equipments the circuit breaker 
or switch operates up to a prescribed limit of over- 
current, above which the fuse or fuse link takes over 
the full breaking capacity of the equipment. In view 
of this increase and coupled with the experience 
gained in the short-circuit testing of this type of 
equipment, ASTA No. 9 has been revised, and has 
now been published as AST No. 22. This document 
also takes into consideration high-voltage automatic 
fuse switches, the tests for which were laid down in 
supplement No. 1 to ASTA publication No. 8, there- 
by rendering the supplement redundant. 

These rules have been formulated pending the 
issue of a British Standard or Standards to secure 
uniformity in short-circuit testing applicable to cir- 
cuit breakers and automatic switches in combina- 
tion with fuses or fuse links intended for use in alter- 
nating-current circuits. 


Hydraulic Machines, Dr. Jagdish Lal. Metropolitan 
Book Co. Private Ltd., 1, Faiz Bazar, Delhi, India. 
2nd edition 1959. 529 pp. Price 18-50 Rupees. 

The second edition of this book has been com- 
pletely revised by the author. He has greatly ex- 
tended the subject matter, regrouped some of the 
old chapters and generally brought the text up to 
date in the light of the latest requirements and de- 
velopments. The book is strictly on hydraulic 


machines and though it is written primarily for 
students preparing for a University Degree or some 
Membership Examination, the water-power engineer 
will find several interesting topics on the practical 
side and it could be a useful reference book for basic 
knowledge. 

Added to the text is a chapter on “Testing and 
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Characteristics of Turbines and Pumps” which is 
useful to those on research work and to students on 
laboratory work. The methods of discharge measure- 
ments have been described in detail, viz. the Gibson 
inertia-pressure method, thermometric and thermo- 
dynamic methods and the ultrasonic flowmeter. Also 
described is the manometric piston gauge for 
measuring precision pressures and speed measure- 
ments by electronic revolution counter. Another new 
chapter deals with “Recent Trends in the Develop- 
ments of Water Turbines” which contains useful in- 
formation on pumped-storage plants, reversible tur- 
bine pumps, underground power stations, tubular 
turbines, the Deriaz runner, and aerofoil theory as 
applied to axial-flow turbo-machinery. Other addi- 
tions to the text are articles on the Turgo impulse 
turbine and jet propulsion, and the chapter on the 
“Governing of Water Turbines” has been rewritten 
to include modern developments. The practical 
engineer will find a useful tabulation on “Pump 
Defects and Their Remedies” and a list of all major 
Indian hydro-electric installations. The student will 
find ample examples, solved after almost every 
article and unsolved after every chapter. 


Kariba—the Struggle with the River God. Frank 
Clements. Methuen and Co. Ltd., 36 Essex Street, 


plates. Price 16s. net. 

In carrying out any major construction in the world, 
one is always confronted with masses of technical 
literature describing the ingenious methods used to 
overcome the technical difficulties. But seldom is there 
a publication which deals with the human problems, 
psychological impact and social effects that such a 
construction brings on the residents or native popu- 
lation of that country. This book is about the latter. 
It shows that Kariba is not just the location of a dam 
site but a struggle with the most violent, if not the 
most powerful river in Kariba—the Zambesi, and to 
the African mind it was a haunting struggle with the 
river god Nyaminyami. 

The books start with the history of the Kariba 
gorge and the early surveys and the initial awakening 
to the potentialities as a power source for the expand- 
ing copper mines and other industries in the Rhodesian 
Federation. It then describes the endless arguments 
that ensued to determine the choice of the dam site 
either at Kariba or at Kafue. The World Bank, which 
financed a good part of the project, welcomed outside 
advice and hence Eléctricité de France was called for 
their wide experience in hydro-electric schemes. The 
consulting engineering company of André Coyne was 
also called upon to give their report and that was how 
the French entered the scene. The award of the con- 
tracts is mentioned and how the Italians joined in by 
their low bidding. The book then gives a very interest- 
ing portrayal of the labour difficulties, the initial 
prejudices of the African unskilled labourer, schooling 
problems, the social practices in the European and 
African towns built to house the construction of the 
dam, and finally Operation Noah, involving the rescu- 
ing of the wild life trapped by the rising waters of the 
unpounded lake. Throughout, the book emphasises 
the co-operation of a multi-racial and multi-national 
community united by a common project to work in 
unison to its ultimate completion. 
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Here’s Air Power at 
ROCK BOTTOM cost 


ERG Heavy-Duty Compressor 


for reliable S-shift operation 


Atlas Copco’s ER6 compressor delivers 
air at the lowest possible cost. Designed 
to incorporate every economy factor, it 
combines the lowest possible running 
costs with low installation costs and a 
space saving design. 

The ER6 delivers 1,075 cfm at 100 psi 
(30.4 m*/min at 7 kg/cm’) for a power con- 
sumption that is absolutely rock bottom. 
Thanks to a new type of intercooler, water 
consumption is only 440 imperial gallons 
(2,000 litres) per hour—a quarter the con- 
sumption of most similar machines. The 
ER6 is compact. Occupying only half the 
space usually required for machines of its 
capacity, it saves expensive factory space. 
In addition, installation costs are lower 
as new, cheaper installation methods are 
employed. 

RANGE OF STATIONARIES 

From 2.5 to 20,000 cfm, there is an Atlas Copco 
stationary compressor to suit every requirement. 
Whatever the design factor— compactness, low 
installation cost, low operating cost, or a combin- 


ation of all three — Atlas Copco stationaries are 
high-performance machines you can rely on. 


Sales and Service in Ninety Countries 
Represented in ninety countries, Atlas Copco is 
the world’s largest organisation specialising solely 
in compressed air equipment. Products include 
stationary and portable compressors, rock drills, 
loaders, hoists, air tools and paint-spraying equip- 
ment. Wherever you are, the international Atlas 
Copco group offers expert advice and provides a 
complete after-sales service. 








Built to last. This Atlas Copco compressor was installed at the Bofors 
engineering works (Sweden) in 1907. It is still in operation. 








WRITE FOR THE LEAFLET 
Leaflet E1127 gives full details of the ER6 com- 
pressor. Write for a copy to your local Atlas 
Copco company or agent or to the address at Wf 
the foot of this advertisement. 


rs 





Mtlas Copco puts compressed air to work for the world 


Atlas Copco AB, Stockholm 1, Sweden. In the U.K. Atlas Copco (Great Britain) Ltd., Hemel Hempstead, Herts. sc 30 
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New Governing Gear at Jarkvissle 


AST year, Aktiebolaget Karlstads Mekaniska 

Werkstad (KMW) delivered two Kaplan turbines 

to Jarkvissle, a Swedish power plant on the Indal 
river. Each unit has a nominal rating of 59,500 h.p. 
at 13-6 m. (45 ft.) head and 75 r.p.m., the runner 
diameter being 7:5 m. (25 ft.). 

The design of the turbines themselves conforms to 
KMW’s latest practice, except that the thrust bearing 
is arranged on the turbine cover and is of an entirely 
new type, and that the runner servomotor receives 
oil from a control valve located outside the turbine 
via a distribution box on the turbine shaft. The run- 
ner blades are automatically brought to the open 
position by means of a hydraulic-mechanical tripping 
device at a speed somewhat higher than the setting 
for the electric-mechanical overspeed device which 
closes the guide vanes. The thrust bearing, which was 
designed and manufactured by KMW, has a self- 
circulating oil-lubrication system and is constructed 
for a load of 1,250 tons. 

The governing plant is electro-hydraulic and, as 
regards the hydraulic-mechanical parts, of an entirely 
new design. The control valves for the guide vane and 
runner servomotors, together with the actuator 
mechanism and the combinator equipment, are 
grouped in a closed cabinet located immediately out- 
side the turbine pit. From these valves, pipelines pass- 
ing directly through the wall of the pit carry oil to 
the guide-vane servomotors on the turbine cover and 
to the oil distribution box on the turbine shaft, whence 
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it passes to the runner servomotor through pipes in 
the bore of the shaft. The restoring motion from this 
is electro-hydraulic. The blade-position transmiiter is 
incorporated in the upper part of the generator and 
is actuated by an extension of one of the pipes in the 
shaft. Otherwise the upper part of the generator is 
completely free from turbine equipment. The com- 
binator equipment includes a composite cam which 
allows continuous changeover for operation at dif- 
ferent heads. 

The location of the control-valve cabinet close to 
the entrance to the turbine pit provides the operator 
with a good view of the turbine. The use of the oil 
distribution box and the arrangement of the pumping 
set near the cabinet reduces the length of oil piping 
to an absolute minimum. There are no interconnecting 
pipes between the turbine units. 

The control-valve cabinet is equipped with the 
necessary handwheels, pushbuttons and instruments 
for manual operation of the unit if the electrical sec- 
tion should be put out of action or when making an 
initial start or a test. There are pushbuttons for start- 
ing and stopping, handwheels for manual regulation 
and load limiter, position transmitter for the gate 
lock, tachometer, oil-pressure gauge, and position in- 
dicators for the guide-vane opening and runner-blade 
setting. In addition, there are controls for adjusting 
the combinator for the correct head and for manual 
setting of the runner blades. 

Normal operation is effected from the control room 
or from the electric governor cubicle situated on the 
same level as the control room and connected to the 
control-valve cabinet by electrical means only. On the 
panel of the governor cubicle there are pushbuttons 
for starting and stopping, switching-in manual or 
automatic control and for setting when operating on 
manual control. In addition, there are instruments 
showing speed, actuator and balance positions and 
position indicators for the stop solenoid, manual and 
automatic regulation, gate lock, and oil-pressure for 
the control unit. 

On an impulse from the control room, the starting 
of the turbine is fully automatic until the electric 
governor assumes control at normal speed. This takes 
approximately 30 sec. All adjustments under opera- 
tion with automatic regulation are effected from the 
control room, which is provided with the normal 
equipment for electro-hydraulic governing with an 
ASEA electronic regulator, including devices for con- 
trolling the speed droop, damping, output, frequency 
and gate (with manual operation), and controls and 
indicating instruments for separate or combined run- 
ning of the two units. 

At a later date it is intended that the entire station 
will be operated by radio-control from another plant. 

The adjoining figure shows the control-valve cabi- 
net with inspection panels and detachable covers re- 
moved. The control valve for the runner servomotor 
with the combinator equipment can be seen on the 
right, the control valve for the guide-vane servo- 
motor with actuator mechanism is on the left, with 
the electric terminal compartment on the extreme left. 
The connecting rod to the regulating ring, which is 
also visible here, is normally covered by a guard. 
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Smaller, 


VT Compressors Lighter, 


more Powerful 


Weight 3,590 Ib (1,630 kg) * 315 c.f.m. 8.9m3/m 





No other compressors pack so much power 


for their size and weight 


Atlas Copco now make a full range of 
VT compressors incorporating the major 
changes in design and production that have 
made the VT4 so successful. The VT series 
consists of four compressors of the same 
simple basic design, with capacities ranging 
from 115 to 315 c.f.m. Most of the components 


for compressors and engines are inter- 
changeable throughout the series, so servic- 
ing problems are reduced to a minimum. 
Powered byrugged air- or water-cooled diesel 
engines, VT compressorsarelighterand more 
compact than any other type of compressors 
in their class. 


SMtlas Copco puts compressed air to work for the worid 


Write for literature to your local company or agent or write to Atlas Copco AB, Stockholm 1, Sweden 


— 
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Atlas Copco ‘‘Bison’’ Rock Drill 





Atlas Copco have recently introduced the “Bison” 
rock drill, which is a heavy deep-hole drifter for 
benching, ring drilling and exploratory work. It is a 
4} in. drifter designed for use in conjunction with a 
drill wagon and chainfeed for benching open pit, or 
screw feed in underground work. Extension drill steels 
of 14 in. diameter are used with this machine. 

The “Bison” is a powerful machine with a relatively 
short stroke. An important design feature is the ability 
to reverse rotation, or to cut out rotation entirely and 
keep only the striking mechanism in action, by means 
of a three-position lever. This greatly assists uncoup- 
ling of the drill steels. The machine can be equipped 
with a remote-control device which governs not only 
the starting mechanism, but also the direction of the 
rotation and the flushing. By connecting a rubber hose 





Hydraulic Laboratory at Alvkarleby. A publication in 
their Blue-White series by the Swedish State Power 
Board describes their hydraulic laboratory at Alv- 
karleby and its present expansion. The main purpose 
of this establishment is to carry out model tests for 
the many hydro-electric schemes projected by the 
Power Board. The laboratory was first started in 1943 
with the construction of the first permanent buildings 
covering an area of only 325 sq. m., but this was 
continually expanded at a rapid rate so that at present 
the laboratory covers an area of 30,000 sq. m. 

To carry out the various model tests, an abundant 
supply of water is necessary, obtained from either the 
mains or a nearby river. A closed-circuit system is 
installed whereby water is circulated from a low-level 
basin into a high-level basin where it is piped through 
discharge-measuring devices to the models. Once it 
has passed through the model it flows back into the 
low-level basin. The present testing programme 
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to the exhaust part of the cylinder a large part of the 
exhaust noise can be led off from the working site. 
The leading data for the machine are given in the 
accompanying Table. 


“BISON” Rock DriLt DaTA 


Machine weight 63:3 kg. (140 Ib.) 
Piston diameter 120 mm. (4-7 in.) 
Stroke ad oe 65 mm. (2:5 in.) 
Air hose ... ag 14 in. 
Hose for flushing ... 3 in. 


Drilling rate* 

Strokes per min.* ... , 

Speed* es ay 280 r.p.m. 

Air consumption* 8-3 m.*/min. (290 cu. ft./min.) 

Air for blowing ... 3 m.*/min. (106 cu. ft./min.) 

Water for flushing 58 litres/min. (12°8 gal./min.) 
* For pressure of 6 kg./cm.? (85 Ib./in.*) and bit diameter of 34 mm. 


1,200 mm./min. (47 in./min.) 
2,200 





consists of 30 models with scales between 1: 100 and 
1 : 15, the former being in normal use. It covers the 
design of power-station intakes, stilling basins, gates, 
timber floating and turbine testing, as a recent 
addition. The tests conducted have proved extremely 
reliable as it has been found that the results of the 
model and prototype generally agreed. 


New 65-Ton Crane. A four-page bulletin is available 
on a new 65-ton Lorain Motor-Crane model MC-760. 
The machine features hydraulically operated “Power- 
set” outriggers as standard equipment, 8 x 4 car- 
rier, planetary rear bogie axles, turnpike speeds 
up to 37-6 m.p.h., removable counterweight, folding 
gantry and precision control with spur gear-driven 
boom hoist. It also contains Thew-Lorain’s patented 
“Shear Ball” connection with 10-year warranty. Bul- 
letin No. 85743-9A should be specified for detailed 
information. 
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We construct and supply: 


Hydraulic steel structures 

Weirs 

River and sea locks 

By-pass gates, safety gates 

Valley storage dams 

High-pressure piping (penstocks) 

Dock gates 

Ship lifts 

Slipways 

Floating cranes 

All hydraulic structures (including mechanical 
and electrical equipment) are supplied and erected 
ready for operation. 


Photos 1 and 2 
7 spillway tainter gates 12 x 12 m for dam flood control 


Photo 3 

Wye pipe for hydraulic power conduit 
Inlet opening 7010 mm 9 

Outlet opening 4240, pressure 7.6 atm. g 
Rate of discharge 17 cu. m/sec 


FRIED. KRUPP MASCHINEN- UND STAHLBAU RHEINHAUSEN 
U.K. Agents: J. M. J. Maus Ltd., 35 New Broad Street, London E.C.2 

















Abstracts from the 
World Technical Press 








Prestressed Rock Anchors 

This paper describes and discusses the new Losinger 
prestressing technique applied to rock anchoring. This 
technique proceeds from the method of roof bolting 
which after years of current use in mining found its 
way into tunnelling as practised in hydro-electric 
developments, and has since largely superseded arch 
supports. The VSL rock anchors, as they are called 
(Vorspannsystem Losinger=Losinger’s Prestressing 
System) consist each of three essential parts: the 
anchor or anchoring “bolt” proper. the prestressing 
cable, and the sliding headpiece. The anchor proper 
is constituted by a bundle of steel wires, each of 
which is led alternately over star-shaped distance- 
holders and through squeezing rings, so that the 
bundle alternately expands and contracts at the rate, 
under normal conditions, of five expansions to a 
length of 3 m. A primary grouting, effected by means 
of a plastic tube throughout the whole length of the 
borehole, creates the bond between anchor and rock, 
the stressing cable between anchor and headpiece be- 
ing protected from grouting by a tubular casing. The 
stressing cable is a strand of best-quality drawn-steel 
wires, generally 8 mm. in diameter, according to the 
number of wires in a strand. The anchoring units 
obtained vary in initial prestressing strength between 
30 and 150 tons. Upon the anchor proper being fully 
prestressed, the cable, which also runs through a pro- 
tective casing, is grouted with mortar. As a rule, VSL 
rock anchors are manufactured on site and slipped 
into the boreholes together with the grouting tube. 
Once the headpiece is fitted on, prestressing takes 
place, followed by secondary grouting, and concreting 
of the anchoring. Extensive tests on the testing bench 
and, in many instances, on actual anchoring on site, 
have established the dependability of the VSL rock 
anchors. On the testing bench, heavy concrete blocks 
were substituted for the rock in situ. The anchors 
remained intact even after overloading up to 50%, 
and no slip was detected, even in the case of two 
test pieces which, previously to the breaking test, had 
been kept several weeks under a 200-ton load. After 
these laboratory investigations, the 100-ton trial 
anchoring of the cableway set up for the concreting 
of the Luzzone dam was thoroughly tested; the actual 
anchoring section was 3-2 m., and the prestressing 
section 12 m. long. Throughout 3,500 hours of con- 
tinuous testing under service load (100 tons) the ten- 
sion decrease did not exceed 4%, corresponding fairly 
accurately to the relaxation losses to be expected. In 
this particular instance, four 100-ton VSL _ rock 
anchors were provided for each fixed abutment of the 
two carrier and travel cables. The tests proved highly 
satisfactory and demonstrated the suitability of the 
VSL anchors for similar installations. No fewer than 
150 VSL rock anchors and Perfo anchors are to be 
used in connection with the large underground 
machine hall of the Vianden-Luxemburg pumped- 
storage plant. Here the problem differs from that en- 
countered at the abutments of the Luzzone cableway; 
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the walls to be strengthened consist of stratified dip- 
ping rock, and the prestressing cable will have to be 
fully grouted. As an example of prestressed anchoring 
in actual dam building, the author mentions the appli- 
cation of the Lee-MacCall system at Allt-Na-Lairige, 
Scotland. At the Tansa dam, India, the horizontal 
joints of which, following repeated heightening of the 
dam, had after some time become leaky, prestressed 
rock anchoring solved the problem. (Dipl. Ing. Dr. R. 
Walther, Schweizerische Bauzeitung, Vol. 77, No. 47, 
November 19, 1959, 5 pp., 10 ff.) 


Dominion Spherical Valves 

These valves for the Chute-des-Passes hydro 
station of the Aluminum Company of Canada are 
connected to five 11 ft. diameter penstocks. Each 
valve is capable of passing over 5,000 cusecs of water 
and is connected to a supply at a head of 630 ft. above 
the turbines, which generate 200,000 h.p. The 
article presents a number of problems in the design, 
manufacturing and handling of the valve, all of 
which are dealt with. Particulars are also given of the 
methods used in its manufacture. The total weight 
of one valve is 500,000 Ib., the weight of its plug is 
140,000 Ib., and they are constructed for a test pres- 
sure of 600 Ib. per sq. in. Each has two indepen- 
dent sets of seals, one set on the upstream side and 
the other on the discharge side. Automatic controls 
are a combination of electrical and mechanical inter- 
locks, and are operated by water taken from the pen- 
stocks. (V. Chatfield, Dominion Engineer, No. 6, 
Vol. XXII, 1959). 


Computing Oscillations in a Syphon 

The author of this paper describes how he com- 
puted oscillations in the Z’mutt syphon of the Grand 
Dixence development supply system. This syphon, 
inserted between two freeflow tunnels, has a 1,147 m. 
long downtake branch on the south slope of the valley, 
and a 806 m. uptake branch on the north slope, the 
difference in level between the inverts of the two 
tunnels being 19-24 m., and the average head 255 m. 
The 2:25 m. diameter downtake branch, designed for 
a discharge of 20-5 cu. m. per sec., is preceded by an 
initial section 80 m. long and 2°70 m. in diameter, 
while the 2:45 m. diameter uptake branch, designed 
for a discharge of 20-1 cu. m. per sec., has a final 
section 3-0 m. in diameter and 90 m. long. A set of 
three pumps, each with a lift of 3-2 cu. m. per sec., 
forces 9-6 cu. m. per sec. into the syphon in the 
vicinity of its lowest point. The starting or stopping 
of a pump brings about oscillations of the water level 
which put the upstream tunnel more or less suddenly 
under pressure. An investigation of the transient 
regime of discharges and pressures in the syphon is 
therefore necessary. A preliminary calculation shows 
that it is sufficient to examine the case of the starting 
of the third pump when the other two are already in 
operation, and the syphon passes the maximum 
gravity discharge anticipated. This calculation was 
based on the maximum volume of 6°55 cu. m. per sec. 
which can be discharged by two pumps, the forebay 
of the power plant being full. The various laws and 
characteristics governing the whole phenomenon, loss 
of head in the syphon branches, level fluctuations in 
the downstream tunnel, momentum theorem, and 
oihers, are briefly reviewed. It is obvious that the 
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The latest 
addition 

to the 

Rotair range * 
of rotary screw 
compressors 




















Write for Caialogue 5/RO2 


The 
Rotair 370 


The new Holman Rotair portable 
rotary screw compressor has an output 
of up to 370 cubic feet a minute at 

100 p.s.i. in one stage, with a 
temperature rise only 100°F above 
ambient. No timing gear is employed in 
the Rotair 370 compressor, ensuring 
additional reliability . . . with all these 
advantages too... 


Pulseless output 

Negligible compressor maintenance 
Minimum friction 

Light weight 

Only two moving parts and 

four bearings 


* Rotair portable rotary screw 
compressors are available with outputs 
of up to 600 c.f.m. 


Holman Bros. Limited, Camborne, England; Camborne 2275 and at 44 Brook Street, London W.1; Hyde Park 9444. 


Also in Birmingham * Cardiff * Glasgow * Peterborough * Sheffield. Australia * Canada * East Africa * France H 
India * South Africa * Spain * U.S.A. * West Africa. With Agents and Representatives throughout the world. (4 
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computation of such a system of factors by an analyti- 
cal method is impossible, and the author arrives at 
the conclusion that the only possible procedure is a 
half-mathematical, half-graphical method proceeding 
from a finite difference. To obtain an adequate degree 
of accuracy, he allows for a time interval Ar of 6 sec. 
Computation by means of an up-to-date desk calcu- 
lator would have required a very long time, for in- 
stance, about twenty hours for the level fluctuation in 
the upstream branch during a two-minute opening 
period of the valve of the third pump. The author 
therefore utilised the Zevra electronic computer of 
the Institute of Applied Mathematics at the Lausanne 
Technical University. The results he obtained con- 
firmed his preliminary calculations by hand, and were 
supported by subsequent computations. Compared to 
the time required by the recording of the results. com- 
puting time is very short, and it was thus possible to 
reach a higher degree of accuracy by using time inter- 
vals of 1 sec. Recording the results every second 
enabled the author to follow closely all the phases of 
the oscillation, and to plot as a function of time 
graphs expressing the discharge in both branches of 
the syphon, and the level at its upstream top end. (P. 
Meystre, Bulletin Technique de la Suisse Romande, 
Vol. 85, No. 20, September 26, 1959, pp. 299-301, 1 f.) 


Creuse Development 

The project briefly described in this article provides 
for the development of the Creuse river over a stretch 
of 30 km. upstream from the Eguzon reservoir right 
up to Glenic bridge. This stretch presents an aggre- 
gate head of almost 100 m., which is to be harnessed 
by eight dams equipped with Maulde tubular generat- 
ing sets. The dams, all similar in conception, will have 
a central buttress section varying from dam to dam 
from 100 to 150 m. im length, with buttresses spaced 
about 6 m., and either. gravity or buttress wing sec- 
tions. The generating sets are contemplated as bulb- 
type units fed by steel pipes cutting through the fac- 
ing of the dam, and fitted with protecting screens at 
the inlet. The control valves will be sited upstream 
of the sets. Downstream, steel-plate diffusers will 
ensure a convenient return of the discharge to the 
river. All the sets, five to each dam, are identical and 
interchangeable, and are designed for a discharge of 
7-5 cu. m. per sec. each under the normal utilisation 
head. The sets will be fitted in the cells formed by 
the facing of the dam and the buttresses, a similar cell 
in each dam housing the emptying conduit. The 
equipment will be handled by means of a crab or 
monorail travelling on the access footbridge. (C.O., 
Construction, Vol. XIV, No. 4, p. 118.) 


Tunnelling at Silver Falls 

The development of the Silver Falls site, where 
there is a difference of head of some 360 ft. between 
Dog Lake and Little Dog Lake, has long been con- 
sidered attractive, and it became economically justified 
as a peak-load plant following the development of 
all but one of the remaining hydraulic generating sites 
in north-western Ontario. The general topography of 
the area, river-flow records and an extensive geologi- 
cal survey established that the development would 
consist of an intake structure and shaft located on the 
south shore of Dog Lake and a single-unit 62.000 h.p. 
generating station at the upper end of Little Dog 
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Lake, connected by a concrete-lined tunnel, 14 ft. 6 
in. in diameter and almost two miles long. The article 
deals especially with this tunnel, which was driven to 
17 ft. 6 in. diameter and will be later lined with 18 
in. Of concrete. Rock at the site was granite and 
paragneiss, generally fairly sound. The equipment was 
all set up for a tracked operation, ie. one cu. yard 
bucket capacity electric mucking machine, a number 
of 6 cu. yard mine cars, a 7 drill main-line jumbo, 
one 15 ton and two 10 ton locomotives. An interesting 
feature of the tunnel driving was the construction of 
the two ancillary shafts—a 300 ft. intake shaft and 
the 200 ft. surge shaft. These shafts were excavated 
in three steps by a method believed to be new in 
Canada. After driving a pilot hole from the surface 
to the tunnel, a hoist was set up on the surface and 
used to support a cage for two men to drill a pilot 
raise, whereupon the shaft was excavated down to 
full size. (P. R. Stratton and C. T. Bath, The Engineer- 
ing Journal, Vol. 42, No. 10, October 1959, p. 108, 


4 pp.) 


Major Earthquake Fails to Breach Earth 
Dam 

In spite of heavy damage to highways in the area 
of Hebgen dam, and of landslides which killed at least 
12 people and injured scores, the earthquake, of 7:8 
maximum intensity on the Richter scale, which hit 
south-eastern Montana last August, cracked and 
shifted the dam but failed to breach it. The dam is 
on the Madison River, west of Yellowstone National 
Park, and has the following characteristics: 87-3 ft. 
high above stream-bed, 718 ft. in crest length, 8 ft. 
thick concrete corewall which extends down an addi- 
tional 36 ft. and thickens to 90 ft. at its bedrock 
foundations. The rolled earihfill embankments en- 
closing the corewall extend 237 ft. downstream and 
265 ft. upstream at stream-bed level, and the up- 
stream slope is paved with two feet of rock. The struc- 
ture impounds water for downstream power genera- 
tion but has no power house of its own. So far only 
cracking of the order of 14 in. at the crest of the core- 
wall and some minor leaks have been reported. If. 
upon lowering of the reservoir, a thorough inspection 
reveals bad fractures in the concrete core, grouting 
may prove necessary. The major concern, however. 
is a huge earth and rock embankment that blocks the 
river about five miles below the dam and, it is esti- 
mated, could fill within 20 days a 50,000 acre-ft. lake 
with enough head to wash out the embankment and 
cause great damage downstream. Two possibilities are 
considered by the area office of the Corps of Engi- 
neers: either lowering the height of the embankment 
by pushing the crest material into the lake, or cutting 
a trench through the embankment, so as to lower the 
head against the embankment, and reduce the chance 
of failure. (Engineering News-Record, Vol. 153, No. 
9, August 27, 1959, pp. 24/25. 4 ff.) 


Variation of Run-off Coefficient 

The use of the rational method of run-off estima- 
tion for stormwater drainage purposes has given con- 
servative results over the 30 year period in which it 
has been in use in Wellington. During that time no 
cases of surcharge of systems designed by the method 
have been noted, even though the intensities of the 
adopted intensity-duration curve have been exceeded 
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on a number of occasions, and no troublesome floods 
have occurred in open streams as a result of storms 
which have overtopped the design curve. But floods 
of longer duration, while not surcharging design- 
curve systems, have caused troublesome floods in 
open streams. Studies of the peak flows in a stream 
in a suburban residential area and in a stream in a 
bush-covered water-supply catchment area have 
been made, and the behaviour of run-off coefficient 
examined. Arising from these studies suggestions are 
made for application to design. (K. J. Mawson, New 
Zealand Engineering, Vol. 14, No. 11, November 15, 
1959, p. 381, 8 pp.. 19 ff.) 


Soviet Developments 

This article consists of a general survey of the power 
developments of all classes comprised in the Seven- 
Year Plan. Following the carrying into effect of 
Lenin’s policy of electrification, Soviet production of 
electric energy reached 209,700 GWh in 1957, a figure 
that exceeded the aggregate output during the same 
period of France, Western Germany, Italy and 
Sweden. In 1958, production increased to 233,000 
GWh, that is to say about 120 times the output of 
Imperial Russia in 1913. The year 1958 made its 
mark in'the advance of energy production in U.S.S.R. 
with the inauguration, in August, of the 2:3 million 
kW Volga power station at Kuibyshev, followed 
hardly four months later, by the commissioning of 
the first three generating units of the 2:53 million kW 
Stalingrad plant, the completion of which is expected 
in 1965. Also scheduled for completion in 1965, in 
addition to a 1-0 million and a 525,000 kW plant on 
the Kama River and Irtish River respectively, is the 
Bratsk power station on the Angara River in Siberia, 
with a capacity of 3-6 million kW, which leaves far 
behind Kuibyshev and Stalingrad. Apart from the 
first Soviet atomic power station in operation since 
September 1958, the Seven-Year Plan includes over 
40 major thermal plant, most of them in the Eastern 
regions of the country. Aggregate production is ex- 
pected to reach 520,000 GWh by the end of 1965. A 
conspicuous feature of the hydraulic developments 
included in this plan is the increase in size of generat- 
ing sets, as, for instance, 200 MW and 300 MW units 
at Bratsk and Krasnoyarsk respectively. (I. T. Novi- 
kov, Gidrotechnicheskoe Stroitelstvo, Vol. 28, No. 1, 
January 1959, p. 1. 5 pp.) 


. Using Fly-Ash in Concrete 

This paper is a résumé of Ontario Hydro’s experi- 
ences. with the use of fly-ash as a partial cement 
replacement in grouting mixtures and concrete, and 
was read at the 73rd Annual General and Professional 
Meeting of The Engineering Institute of Canada, 
Toronto, Ontario. Field trials have shown that fly-ash, 
because of its pozzolanic properties, can be used to 
replace substantial percentages of the cement in 
normal concrete mixes and grouts without affecting 
adversely, and usually enhancing, the long-time 
strength attained. Fly-ash was also found to (a) reduce 
the temperature rise in the concrete, thereby lessening 
the danger of thermal cracking in massive sections; 
(b) enhance the workability of concrete and grout; 
(c) provide a somewhat increased setting time, thereby 
producing concretes and grouts that remain workable 
for a longer period, and (d) in most instances provide 
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economies. The use of fly-ash in both high- and low- 
pressure grouting mixtures at Niagara and to replace 
from 20 to 30% of the cement in appropriate mass 
and structural concrete applications at the Ontario 
Hydro’s St. Lawrence, Caribou, Whitedog and Otter 
Rapids projects, is described. An account is also given 
of the method developed for batching the ash as a 
slurry. (J. N. Mustard and C. MacInnis, The Engi- 
neering Journal, Vol. 42, No. 12, December 1959, p. 
74, 6 pp.. 6 ff.) 


Compaction Control in Earthfill Dams 

This article gives the results of tests carried out 
in Portugal on four earthfill dams. In two of the 
structures, the outer sections had been built up with 
residual soils consisting of altered schists. The main 
purpose of the tests was to control compaction and 
moisture contents while construction was in progress. 
From undisturbed samples drawn from the fill, charac- 
teristics of shear strength, compressibility and per- 
meability were also determined. The control in situ 
of the fill consisting of altered schists was effected 
under reference to experimental fills prepared before 
construction work began. From the results examined 
in this report, it may be concluded that the fill, once 
placed, displays mechanical characteristics with a 
comparatively low extent of scattering; this applies 
especially to shear strength. The results produced by 
the control methods adopted proved to be in fair 
agreement with those of preliminary laboratory in- 
vestigations. (Electricidade, No. 9, January-March 
1959, p. 3. 10 pp.) 
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Measuring Equipment 
FOR HYDRO-ELECTRIC PLANTS 
WATER FLOW 


in Tunnels, Pipe Lines and at Turbines. 


WATER LEVEL 


at Dams and in Surge Shafts for all depths and conditions. 


PRESSURE RECORDERS, ETc. 


backed by over 20 years’ experience in this specialised field 
can be supplied for local or remote operation. 


The illustration shows the type of Flow Meters made 
for the North of Scotland Hydro-electric Board. 


The British Pitometer Co. Ltd. 
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SECTIONS 


the best raw material for 
the best electrical equipment 


Anacos products of copper and copper 











BARS 











alloy in bare form for all electrical appli- 
cations. Wire in all sizes and diameters, 
rods and bars for machining purposes. 
strips for blanking and cold drawing and 
strand for cables and overhead lines. 
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Rack Cleaning Machines 
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WATER PURIFICATION PLANTS 
PUMPING STATIONS 
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JONNERET S. A. 


GENEVA (JUNCTION) SWITZERLAND 
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For all accurate 
measurements 


®@ Catchment Recording 


and Flood Control 


Irrigation 


* 

@ Sewerage Schemes 

® Hydro-Electric Schemes 
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Tidal Current Determinations 


U8@ WATTS WATER CURRENT METERS 


Booklet CS 37/660 gives details 


Photograph by permission of the 
New Zealand Ministry of Works 
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A journal of Railway Management, Engineering, Operation, and 
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DIESEL RAILWAY TRACTION 
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ARCHITECTURE AND BUILDING 
A practical iournal devoted to Architecture and Building Practice. 
Monthly 2s. 6d. Annua!ly 35s. by post. 
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A practical journal, authoritatively written, superbly illustrated, 
dealing with the growth, marketing, and use of wood in all its 


forms. Monthly 2s. 6d. Annually 35s. by post. 
FOOD 

A journal devoted to the manufacture, packaging, and marketing o/ 

processed foodstuffs. Monthly 2s. 6d. Annually £2 by post. 
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Locomotives. Monthly 2s. 6d. Annually 35s. by post. 
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FASTER « SAFER « CHEAPER 


“White” Aerial Ropeways carry a large var.ety of materials up 
to 300 tons per hour and are in daily service in many parts 
of the World. They have proved their great efficiency and 
saving of time in large-scale transportation programmes 
by Hydro-Electric schemes, Collieries, Quarries and 
Power Stations. Whatever the terrain, our 90 
years specialist experience 's at your service. 
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R. WHITE & SONS (ENGINEERS) LTD. 
G.P.O. BOX 2, WIDNES, LANCASHIRE 
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Typical Journal Bearing for 
horizontal Pelton Wheel 
driven Generator. Shaft dia- 
meter 2! inches, R.P.M. 428, 
Journal load 5! tons. 


MICHELL BEARINGS 


The original pivoted pad film lubricated 
bearings. They carry loads with complete 
reliability and efficiency with downright 
simplicity for all Hydro-Electrical installa- 
tions, and for Marine, Mining, Paper- 
Making Machinery and other requirements. 
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| MICHELL BEARINGS LTD. 
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Rotork Actuators mark 
a turning point 
in pipework planning 


The answer to what has for many years been only a 
pipe dream, the flexible and versatile system of valve control 
using Rotork actuators, exposes all the disadvantages of 
manhandling methods and warrants the closest study by 
all planners of pipework. 

The Rotork system of valve motorization enables 
valves of all types and sizes to be electrically controlled by 
the press of a button or automatically from data such as 
time, level, temperature or pressure. 

Rotork actuators make possible great economies in 
labour. In addition they eliminate the dangers arising from 
human fallibility and, as any number of valves can be 
operated at once either on site or from a remote control 
station, save a great deal of time. The increase in earning 
capacity due to installing Rotork actuators can be enormous 
and far outweigh the initial cost of motorization. 

A booklet covering all aspects of Rotork valve control 
is availabie to all pipework planners on request. 









One of the most interestiag applications of 
Rotork actuators to plant other than valves is 
speed control of water-turbines. A series of mov- 
able vanes, often known as a wicket gate, con- 
trols the water flow, and the actuator provides 
the motive power to enable the vane to be set 
to any position to give the speed regulation re- 
quired. Actuators have been and are being sup- 
plied for this purpose to Messrs. Harland 
Engineering Company Lim- i 
ited, Alloa, Messrs. Boving = 
& Company Limited, Lon- a 
don, and Messrs. Gilbert 
Gilkes & Gordon Limited, 
Kendal. 


Rotork Actuators 
for Valve Control 


ROTORK ENGINEERING CO. LTD., of BATH, ENGLAND . Tel: 64558 
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Complete hydro-electric plants 








Assembly at works of an 11150 kW Francis 
turbine for Piilmaiquen Power Station of Messrs 
Endesa, Santiago (Chile) 


Wheel of a 35 200 kW Pelton turbine for 
Lanzada Power station of Soc Vizzola Milan 


Wheel of a 35 750 kW Kaplan turbine for Ybbs 
Persenberg Power station of Osterreichische 
Donaukraftwerke. Wien 
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Air-blast circuit-breakers similar to those 
illustrated are manufactured for voltage ratings 
of from 110 kV up to 345 kV with breaking 
capacities up to 15,000 MVA. 
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The Central Electricity Generating Board’s 275kV switching station, Harker, Cumberland 


Power 


=_ from many hydro-electric stations --------- 


throughout the world 
is transmitted via 
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The English Electric Co. Ltd., Yj 

Switchgear Department, 
Stafford. Y 
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